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Table 4-5. Predator-prey relationships for species commonly impinged or entrained at tbe Pilgrim facility (cont.). 
Species Prey 
Rock gunnel Small crustaceans, polychaetes, 

molluscs and fish eggs. 

Predators 
Cod, pollock 

Shorthorn Crab and other crustaceans, Atlantic cod sculpin shrimp, sea urchins, worms, and 
--------·· fry~ ~~her fish. _ ____ _ ______ . __ 
Silver hake Fish (alewife, butterfish, cunner, Bluefish, butterfish herring, mackerel, menhaden, 

scup, silversides, smelt, young of 
its own species), crustaceans, 
shrimp. 

;o__ ____ ---- - --· ,.. ------ -··- ·- -· ···-·--··· 

References 
Bigelow and Schroeder, 
1953; 
Froese and Pauly, 2000 
Froese and Pauly, 2000; 
Bigelow and Schroeder, 
1953 

Bigelow and Schroeder, 
1953; Morse et al., 1999 

Striped bass Mysid shrimp and smaller fish Sea lamprey, striped bass, Miller, 1995 species such as herring, silver hake, bluefish, copepods silversides, and anchovies; Larvae 
___ fee~ primarily -~~-co~~--- ·--- --··- ·-· --·-· ·- _ _ __ .. _ _ ---·-----Striped 

killifish 

Summer 
flounder 

Crustaceans and polychaetes. Wading birds, aerial searching Abraham, 1985 
birds, piscivorous ducks, 
crabs, and many predatory 
fishes. Fishes include white 
perch, summer flounder, 
striped bass, bluefish, and red 
drum. Birds include herons, 
egrets, terns, gulls, and least 
common terns ···--··· ----- --·-·- ·-- ·-- ·-------- ----- .. Small fish, small shelled Larvae and juveniles: spiny Bigelow and Schroeder, mollusks, wonns, sand dollars, dogfish, cod, goosefish, hake, 1953 squids, crabs, shrimp, and other sea raven, longhorn sculpin, _____ _ cru_ sta __ ce_an_ s. _ ______________ .. ~~-~.l!~~t_!l~~l_l~~~---- ---- - ... ·----Tautog 

Threespine 
stickleback 

White perch 

Mussels, small crustaceans and Smooth dogfish, bamdoor Jury et aJ., 1994; other molluscs. Juveniles feed on skate, red hake, sea raven, Steimle and Shaheen, 1999 amphipods and copepods. _ g~~~fish_,_~nd ~abirds 
Omnivorous. Small invertebrates, Sea trout, whiting, eels fish fry, fish eggs. shrimp, small 
squids, and diatom~:__ .. ____ _ __ ---·--- .. ·- -··- ___ _ ...... Variety of prey, including shrimp, Striped bass, bluefish, fish, and crab. Their djet weakfish. walleye, copepods composition changes with 
seasonal and spatial food 
availability. Larvae feed mainly 
on plankton. 
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Table 4-5. Predator-prey relationships for species commonly i~pinged or entrained at the 

Pilgrim facility (cont.). 
Species Prey Predators References 

Windowpane Young consume mysids, while Spiny dogfish, thorny skate, Chang et al., 1999 

adults feed on sand shrimp, small goosefish, Atlantic cod, black 

fish (up to 10 em), crustaceans, sea bass, weakfish, and 

molluscs, and seaweed. summer flounder 
-·- ---· ~ - ---- -- ·-- - . - ----------------

Winter Benthic organisms such as Larger estuarine and coastal Buckley, 1989b; 

flounder shrimp, amphipods, crabs, urchins fish such as striped bass and Froese & Pauly, 2000 

and snails. bluefish 
-----------··---·-·-.. ------ . . ·- . ·---------
Yellowtail Small crustaceans (including Spiny dogfish, skates, Atlantic Bigelow and Schroeder, 

flounder arnphipods, shrimps, and mysids), halibut, fourspot flounder, 1953; Johnson et al., 

small shellfish, and worms. goosefish, silver hake, b~uefish 1999b 
and sea raven 

4.3 Step 3: Identify Potential Habitat Restoration Alternatives to 
Offset I&E Losses-

Local experts proposed six types of habitat restoration projects that would offset I&E losses at 

the Pilgrim facility: 

.,. improve water quality 

.,. reduce fishing pressures 

.,. restore tidal wetlands 

.,. restore submerged aquatic vegetation 
.,. improve anadromous fish passage 
.,. create artificial reefs. 

Each of these potential restoration projects provide benefits to the aquatic community, and are 

described below. 

Improve water quality 

Water quality plays a major role in determining whether fish can survive in a given water body. 

Water quality can be compromised by high levels of industrial pollutants, nutrients from 

wastewater treatment plants and failing septic systems, and extreme temperatures. Some 

examples of water quality improvement projects may include (but are not limited to): 

.,. remove nitrogen and phosphorus at wastewater treatment plants 

.,. improve storm water management 
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• repair or replace failing septic systems 

• provide better '"pump-out" services to recreational and commercial boaters to dispose of their boat waste in a safe and sanitary manner 

• limit discharges of hazardous materials from industrial facilities 

• limit thennal discharges. 

Any measures to improve water quality by limiting the amount of pollutants in the estuaries surrounding the Pilgrim facility benefit the aquatic ecosystem. Reducing pollutant levels will increase survival rates for invertebrates, fish, and other animals that depend on the estuarine ecosystem. Improving water quality can restore fish and shellfish habitats that were previously limited or uninhabitable because of toxicity or intolerance to polluted conditions. 

Reduce fishing pressures 

Fish that support commercial or recreational fisheries are prone to high mortality rates because of fishing pressures. These species can benefit from reduced fishing. Some potential projects that could be implemented to reduce fishing pressures include closing sensitive areas (such as spawning grounds) to fishing during certain times during the year, or decreasing the number of fishing licenses that are issued. Fishing gear could also be changed to limit the number of unwanted fish caught. For example, fishing nets could be altered to reduce the catch of small or undesirable fish that are caught in existing nets. 

Restore tidal wetlands 

Tidal wetlands (Figure 4-1) are among the most productive ecosystems in the world (Mitsch and Gosselink, 1993; Broome and Craft, 2000). Tidal wetlands provide valuable habitat for many species of invertebrates and forage fish that serve as food for other species in and near the wetland. Tidal wetlands also provide spawning and nursery habitat for many other fish species, including the Atlantic silverside, striped killifish, threespine stickleback, and mummichog. Other migratory species that use tidal wetlands during their lives include the winter flounder, striped bass, Atlantic herring, and white perch (Dionne et al., 1999). Fish species that have been reported in restored salt ponds and tidal creeks include Atlantic menhaden, blueback herring, Atlantic silverside, striped killifish, and mummichog [Roman et al., (submitted to Restoration Ecology)]. Restoring tidal flow to areas where such flows have been restricted has also been shown to reduce the presence of Phragmites australis, the invasive marsh grass that has choked out native flora and fauna in coastal areas across the New England seaboard (Fell et al., 2000). 
Tidal wetlands restoration typically involves returning tidal flow to marshes or ponds that have restrictions of natural tidewater flow by roads, backfi.Jiing, dikes, or other barriers. Eliminating these barriers can restore salt marshes (Figure 4-2), salt ponds, and tidal creeks that provide essential habitat for many species of aquatic organisms. For example, where tidal flow is reduced 

4-34 
SCI0026 



Stratus Consulting 

Figure 4-1. Tidal creek near Little Harbor, Cohasset, Massachusetts. 

Source: MAPC, 2001 . 

Figure 4-2. Salt marsh near Narragansett Bay, Rhode Island. 

Source: Save The Bay, 2001. 
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by undersized culverts, installing correctly sized and positioned culverts can restore tidal range 
and proper salinity. In other situations, such as where low-lying property adjacent to salt marsh 
has been developed, restoring full tidal flow may not be possible because of flood concerns 
(MAPC, 2001). Salt marshes can also be created by flooding areas in which no marsh habitat 
previously existed (e.g., tidal wetland creation). However, a study by Dionne et al. (1999) 
showed that whiJe both created and restored tidal wetlands readily provide habitat for a number 
offish, restored tidal wetlands provide much larger and more productive areas of habitat per unit 
cost than created tidal wetlands. 

Restore submerged aquatic vegetation 

Submerged aquatic vegetation (SA V) provides vital habitat for a number of aquatic organisms. 
Eelgrass is the dominant species of SA V along the coasts of New England. It is an underwater 
flowering plant that is found in brackish and near-shore marine waters (Figure 4-3). Eelgrass can 
form large meadows or small separate beds that range in size from many acres to just 1 m across 
(Save The Bay, 2001). 

Figure 4-3. Laboratory culture of eelgrass (Zostera marina). 

Source: Boschker, 2001. 

SAV restoration involves transplanting eelgrass shoots and/or seeds into areas that can support 
their growth. Site selection is based on historical distribution, wave action, light availability, 
sediment type, and nutrient loading. Improving water quality and clarity, reducing nutrient levels, 
and restricting dredging may all be necessary to promote sustainable eelgrass beds. Protecting 
existing SAV beds is a priority in many communities (Save The Bay, 2001). 
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SA V provides several ecological services to the environment. It has a high rate of leaf growth 
and provides support for many aquatic organisms as shelter, spawning, and nursery habitat. It is 
also a food source for herbivorous organisms. The roots ofSAV also provide stability to the 
bottom sediments, thus decreasing erosion and resuspension of sediments into the water column 
(Thayer et al., 1997). Dense SA V provides shelter for small and juvenile fishes and invertebrates 
from predators. Small prey can hide deep within the SAV canopy, and some prey species use the 
SA V as camouflage (Thayer et al., ] 997). Species that use SA V beds during early life stages 
include Atlantic menhaden, striped bass, American eel, tautog, bluefish, summer flounder, 
weakfish, rainbow smelt, bay scallops, and blue crab (Laney, 1997). 

Improve anadromous fish passageways 

Anadromous fish spend most of their lives in brackish or saltwater but migrate into freshwater 
rivers and streams to spawn. Many of the rivers and streams that historically supported 
anadromous fish spawning have been dammed and are currently inaccessible to migrating fish. 
Anadromous fish that would benefit from improved access to upstr·eam spawning habitat include 
alewife, Atlantic salmon (Salmo salar), rainbow smelt, sturgeon, white perch, American eel, and 
American shad. 

Improving anadromous fish passage involves many important steps. Dams and barriers 
connecting estuaries with upstream spawning habitat can be removed or fitted with fish ladders 
(Figure 4-4). Removing the dam is often preferable because some species, such as rainbow smelt, 
use fish ladders ineffectively. However, dam removal may not be possible in highly developed 
areas needing flood control. In addition, restoring stream habitats such as forested riverbank 
wetlands and improving water quality may also be necessary to restore upstream spawning 
habitats for anadromous fish (Save The Bay, 200 1 ). 

Create artificial reefs 

Several species offish found near the Pilgrim facility use rocky or reef-like habitats with 
interstices that provide refuge from predators. These habitats can be created artificially with 
cobbles, concrete, and other suitable materials. 

Species that commonly use reef structures for refuge include tautog, cunner, scup, black sea bass, 
lobsters, and blue mussels (Foster et al., 1994; Castro et al., in press). Both cunner and tautog 
become torpid at night and require places to hide from their prey. Blue mussels use rocky reefs 
for attachment. 
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Figure 4-4. Example of a fish ladder at a hydroelectric dam. 

Source: Pollock, 2001. 

4.4 Step 4: Consolidate, Categorize, and Prioritize Identified 
Habitat Restoration Alternatives 

(2/5/02) 

Habitat restoration alternatives were categorized and prioritized in collaboration with local 
experts. Meetings were designed to identify the restoration program for each of the major species 
that are impinged or entrained as a result of cooling water intakes. Meetings were arranged and 
moderated by Stratus Consulting, and attended by several federal , state, and local organizations 
(Table 4-6). 

Habitat needs and restoration options for each species with significant I&E losses at the facility 
were discussed. These restoration options were then prioritized for each species by determining 
what single restoration option would most benefit that species. The higher ranked restoration 
alternatives for each species are shown in Table 4-7. 
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Table 4-6. Attendees at the Pilgrim Meeting, September 12, 2001, in Lakeville, 

Massachusetts. 
Attendee 
David Allen 
David Mills 
Michelle Barron 
Bob Green 
Robert Lawton 
George Zoto 
Kathi Rodrigues 
David Webster 
Sharon Zaya 
Nick Prodany 
John Nagle 

Stratus Consulting 
Stratus Consulting 
Stratus Consulting 
Massachusetts OEP 

Organization 

Massachusetts Division of Marine Fisheries 

Massachusetts Watershed Initiative- South Coastal Watersheds 

National Marine Fisheries Service - Restoration Center 

U.S. EPA Region I 

U.S. EPA Region I 
U.S. EPA Region I 
U.S. EPA Region I 

Table 4-7. Restoration alternatives for each Pilgrim species ranked highest 
by local experts. 
Species 

Alewife 
Atlantic herring 
Blueback herring 
Rainbow smelt 
White perch 
Cunner 
Sculpin spp. 
Tautog 
American sand lance 
Atlantic silverside 
Bluefish 
Grubby 
Striped bass 
Windowpane• 
Winter flounder 
Threespine stickleback 
Atlantic mackerel 

Atlantic menhaden 
Bay anchovy 
Butterfish 

Prioritized restoration alternatives 

Anadromous fish passage 

Anadromous fish passage 

Anadromous fish passage 

Anadromous fish passage (remove dams) 

Anadromous fish passage 

Artificial reefs, SA V restoration 

Artificial reefs, SA V restoration (improve habitat for prey) 

Artificial reefs, SA V restoration 

Tidal wetlands restoration 
Tidal wetlands restoration 

Tidal wetlands restoration (improve habitat for prey) 

Tidal wetlands restoration 

Tidal wetlands restoration (improve habitat for prey) 

Tidal wetlands restoration (improve habitat for prey) 

Tidal wetlands restoration 

SA V restoration, tidal wetland restoration 

Reduce fishing pressure, improve water quality 

. Reduce fishing pressure, improve water quality 
Reduce fishing pressure, improve water quality 

Reduce fishing pressure, Improve water quality 

All species Improve water quality 

a. Improved water quality later became the chosen restoration alternative for windowpane 

because they inhabit depths greater than accessible to tidal wetland restoration. 
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Table 4-12. Average abundance from Rhode Island SAV sites for Pilgrim species that 
would benefit most from SA V restoration. 

Species 

Atlantic tomcod 
Pollock 
Northern pipefish 

Sptties abundance(# fasb per 100m2 of SA V babitatr 
Low quality SA V habitats High quality SA V habitats 

0.52 1.77 
no obs. 

0.23 
noobs. 

3.03 
Threespine stickleback no obs. 19.67 -----------------a. High quality habitats are defined as areas with eelgrass shoot densities> 100 per m2 and shoot biomass 
(wet)> 100 gjm2

• Low quality habitats do not meet these criteria 
Source: personal communication, J. Hughes, NOAA, Marine Biological Laboratory, 2001. 

Heck et al., 1989-Species abundance in Nauset Marsh (Massachusetts) estuarine 
complexSAV 

Heck et al. (1989) provide capture totals for day and night trawl samples taken between August 
1985 and October 1986 in the Nauset Marsh Estuarine Complex in Orleans/Eastham, 
Massachusetts, including two eelgrass beds: Fort Hill and Nauset Harbor. As in the other SA V 
sampling efforts, an otter trawl was used for the sampling, but with slightly larger mesh size 
openings in the cod end liner (6.3 mm versus 3.0 mm) than in Hughes et al. (2001) or Wyda et al. 
(in press). 

With the reported information on the average speed, duration, and number of trawls used in each 
sampling period and an estimate of the width of the SA V habitat covered by the trawl from one 
of the study authors (personal communication, M. Fahay, NOAA, 2001}, abundance estimates 
per 100 m2 of SA V habitat were calculated. 

Heck et al. ( 1989) also report that the dry weight of the SA V shoots is over 180 glm2 at both the 
Fort Hill and Nauset Harbor eelgrass habitat sites. Therefore, these locations would fall into the 
high SAV habitat category used in Wyda et al. (in press) and Hughes et al. (2000) because the 
dry weight exceeds the wet weight criterion of 100 glm2 used in those studies. 

Finally, Heck et al. (1989) provide separate monthly capture results from their trawls. The 
maximum monthly capture results for each species was used for the abundance estimates from 
this sampling. Because these maximum values generally occur in the late summer months, 
sampling time is consistent with the results from Wyda et al. (in press) and Hughes et al. (2000). 

The species abundance values estimated from the sampling of the Fort Hill and Nauset Harbor 
SAV habitats are presented in Table 4-13. 
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Table 4-13. Average abundance in Nauset Marsh Estuarine Complex SAV for Pilgrim 
species that would benefit most from SA V restoration. 

Species abundance (# fish per 100 m2
)" 

Species Fort Hill- High quality SAV Nauset Harbor- High quality SAV 

Atlantic tomcod 
Pollock 

noobs. 0.08 

Northern pipefish 

no obs. 

0.68 

noobs. 

6.11 
Threespine stickleback 5.92 47.08 

a. High quality habitats are d~flne-d-;-;..~as wlth eelgr~s-~h~t-de~~ities > 100 per m2 and shoot biomass 
. (wet) > 1 00 glm2• 

Source: Heck et al., 1989. 

4.5.1.2 Adjusting SA V sampling results to estimate annual average increase in production 
of age-l fish 

Sampling-based abundance estimates were adjusted to account for: 

• sampling efficiency 
• capture of life stages other than age 1 
• differences in the productivity of restored versus natural SA V habitat. 

The basis and magnitude of the adjustments are discussed in the following sections. 

Adjusting for sampling efficiency 

Fish sampling techniques are unlikely to capture and/or record all of the fish present in a sampled 
area because some fish avoid the sampling gear and some are captured but not collected and 
counted. The sampling efficiency for otter trawls is approximately 40% to 60% (personal 
communication, J. Hughes, NOAA Marine Biological Laboratory, 2001). A conservative 
sampling efficiency of 40% was assumed for this HRC analysis. Therefore, the SA V sampling 
abundance estimates were multiplied by 2.5 (i.e., divided by 40%). This assumption increases 
SA V productivity estimates and lowers SA V restoration cost estimates. 

Adjusting sample abundance estimates to age-l life stages 

All sampled life stages were converted to age-l equivalents for comparison to I&E losses, which 
were expressed as age-l equivalents. The average life stage of the fish caught in the Buzzards 
Bay (Wyda et al., in press) and Rhode Island coastal salt pond (Hughes et al., 2000) was 
juveniles (i.e., life stage younger than age l) (personal communication, J. Hughes, NOAA 
Marine Biological Laboratory, 2001 ). Since the same sampling technique and gear was used in 
Heck et al. ( 1989), juveniles were assumed to be the average life stage captured in this study as 
well. 
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Table 4-15. Final estimates of the increase in production of age-l fish for Pilgrim species 
that would benefit most from SAV restoration (cont.~. 

Spedes Restored Expected Increase 
abundance Sampling habitat In production of 

Source of initial estimate efficiency Life stage service flow age-l rasb per 
species abundance per 100 m1 adjustment adjustment adjustment 100m1 of 

S~ies estimate ofSAV factor factor fador restored SA V 
Northern Hughes et al. 3.03 2.5 0.5352 1.0 4.06 
pipefish (2000) - RI 

coastal ponds (high 
SAV) 

Wyda et al. (in 0.19 2.5 0.5352 1.0 0.25 
press)- Buzzards 
Bay (low SA V) 

Wyda et al. (in 0.99 2.5 0.5352 1.0 1.32 
press)- Buzzards 
Bay (high SA V) 

Species average 2.50 
Threespine Heck et al. (1989) 5.92 2.5 0.5284 1.0 7.82 
stickleback - Fort Hill 

Heck et al. ( 1989) 47.08 2.5 0.5284 1.0 62.19 
- Nauset Harbor 
Hughes et al. 19.67 2.5 0.5284 1.0 25.98 
(2000)-Rl 
coastal ponds (high 
SAV) 

Wyda et at. (in 0.22 2.5 0.5284 1.0 0.29 
press)- Buzzards 
Bay (low SA V) 

Wyda et al. (in 0.13 2.5 0.5284 1.0 0.17 
press) - Buzzards 
Bay (high SA V) 

Species average 19.29 
Pollock no obs. 

4.5.2 Estimates of Increased Age-l Fish Production from Tidal Wetland Restoration 

Tidal wetlands provide a diversity of habitats such as open water~ subtidal pools, ponds, intertidal 
waterways, and tidally flooded meadows of salt tolerant species such as Spar/ina alterniflora and 
S. patens. These habitats provide forage, spawning, nursery, and refuge for a large number offish 
species. Table 4-16 identifies the I&E losses for fish species at Pilgrim that would benefit most 
from tidal wetland restoration, along with average I&E losses for the period 1974-1999, arranged 
by number of fish lost. 
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Table 4-16. Pilgrim species that would benefit most from tidal wetland restoration. 
Annual average I&E loss of Percentage of annual average 

S(?!cies a&e 1 equivalents ~1974-1999~ I&E loss across all fisb S(!ecies 
American sand lance 4,116,285 28.55% 
Winter flounder 210,715 1.46% 
Atlantic silverside 25,929 0.18% 
Grubby 879 0.01% 
Striped killifish 90 0.00% 
Striped bass 9 0.00% 
Bluefish 2 0.00% 
Total 4,353,909 30.20°/e 

Restricted tidal flows increase the dominance of Phragmites australis by reducing tidal flushing 
and lowering salinity levels (Buzzards Bay Project National Estuary Program, 2001). Phragmites 
dominance restricts fish access to and movement through the wat,er, decreasing overall 
productivity of the habitat. Therefore, for the purpose of this HRC valuation, tidal wetland 
restoration focuses on returning natural tidal flows to currently restricted areas. Examples of 
actions that can restore tidal flows to currently restricted tidal wetlands include the following: 

... breaching dikes created to support salt hay farming or to control mosquitos 

... installing properly sized culverts in areas currently lacking tidal exchange 

... removing tide gates on existing culverts 

... excavating dredge spoil covering former tidal wetlands. 

No identified studies quantified increased production following implementation of these types of 
restoration actions for tidal wetlands. Therefore, fish abundance estimates taken from studies of 
tidal wetlands were used to estimate the fish increase in production that can be gained through 
restoration. The following subsections present the sampling data and subsequent adjustments 
made to calculate the expected increased in age-l production of fish species. 

4.5.2.1 Fish species abundance estimates in tidal wetlands habitats 

Results from tidal wetland sampling efforts in Rhode Island were used to calculate increased 
production. Available sampling results from Connecticut (Warren et al., submitted to Restoration 
Ecology) and New Hampshire and Maine coasts (Dionne et al., 1999) were not used. The 
Connecticut results were omitted! because time constraints prevented the conversion of capture 
results into abundance estimates per unit of tidal wetland area. The New Hampshire and Maine 
results were omitted because the study locations were too distant from the Pilgrim facility. 
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Roman et al. (submitted to Restoration Ecology) - Species abundance at Sachuest 
Point tidal wetland, Middletown, Rhode Island 

Roman et al. (submitted to Restoration Ecology) sampled the fish populations in a 6.3 ha 
unrestricted tidal wetland at Sachuest Point in Middletown, Rhode Island. The sampling was 
conducted during August, September, and October of 1997, 1998, and 1999 using a 1 m2 throw 
trap in the creeks and pools of each area during low tide after the wetland surface had drained. 
Additional sampling was conducted monthly in both the unrestricted and restricted parcels from 
June through October in 1998 and 1999 using 6 m2 bottomless lift nets to sample the flooded 
wetland surface. The report presents the results of this sampling as abundance estimates of each 
fish species per square meter (Table 4-17). 

Table 4-17. Abundance estimates from the unrestricted tidal wetlands at Saehuest for 
Pilgrim species that would benefit most from tidal wetlands restoration. 

Species 

American sand lance 

Winter flounder 

Atlantic silverside 

Grubby 

Striped killifish 

Striped bass 

Bluefish 

Sampling 
technique 

throw trap 
lift net 
throw trap 
lift net 
throw trap 
lift net 
throw trap 
lift net 
throw trap 

Fisb denslly estimates In unrestricted tidal wetlands 
(fasb per m2

) 

1997 1998 1999 
noobs. 

no sampling 
no obs. 

no sampling 
1.23 

no sampling 
noobs. 

no sampling 
0.70 

noobs. 
noobs. 
noobs. 
noobs. 

0.20 
no obs. 
noobs. 
noobs. 

0.17 

no obs. 
no obs. 
noobs. 
noobs. 

0.07 
noobs. 
noobs. 
noobs. 

0.55 
lift net no sampling 0.01 0.01 
throw trap no obs. no obs. no obs. 
lift net no sampling no obs. no obs. 
throw trap no obs. no obs. no obs. 

___ lift ~et ____ ....• _!lO ~..P.!!ng __ ·- ---·no ~~s,._ ..... __ , ___ _ no_ ob_s_. _ _ _ _ 
Source: Roman et al. (submitted to Restoration Ecology). 

Roman et al. (submitted to Restoration Ecology) also sampled a smaller portion of the wetland 
where tidal flows had recently been restored. However, these results were not used because the 
sampling most likely was conducted prior to the system reaching full productivity. 
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Raposa (in press)- Galilee Marsh, Naragansett Rbode, Island 

Raposa (in press) sampled the fish populations in the Galilee tidal wetland monthly from June 
through September of 1997, 1998, and 1999 using 1 m2 throw trap in the creeks and pools in the 
tidal wetland parcels during low tide after the wetland surface had drained. Raposa presents the 
sampling results as fish species abundance expressed as number of fish per square meter. As with 
the results from Roman et al. (submitted to Restoration Ecology), results from a recently restored 
portion of the wetland were not used in this HRC to avoid a downward bias in the species density 
results. The results from this sampling effort are presented in Table 4-18 for the Pilgrim species 
that would benefit most from tidal wetlands restoration. 

Table 4-18. Abundance estimates from the unrestricted tidal wetlands at Galilee for 
Pilgrim species that would benefit most from tidal wetland restoration. 

Sampling 
technique 

Fisb density estimates in unrestricted tidal wetlands 
(fash per m1

) 

Spec:les 

American sand lance 
Winter flounder 
Atlantic silverside 
Grubby 

Striped killifish 

throw trap 

throw trap 

throw trap 

throw trap 

throw trap 

1997 

no obs. 
noobs. 

4.78 

no obs. 

4.35 
Striped bass throw trap no obs. 

_B_Iu_e_fi_sh ______ thro _ _ w_trap _ ____ _ -~?_o~~· .. 
Source: Raposa, in press. 

- - ---

1998 1999 

noobs. no obs. 
noobs. noobs. 

1.73 14.38 

noobs. noobs. 
3.50 12.40 

noobs. noobs. 
noobs. noobs. 

K. Raposa, Naragansett Estuarine Research Reserve, personal communication, 
2001 -Coggeshall Marsh, Prudence Island, Rbode Island 

Discussions with Kenny Raposa of the Naragansett Estuarine Research Reserve (NERR) 
revealed that additional fish abundance estimates from tidal wetland sampling were available for 
the Coggeshall Marsh located on Prudence Island in the NERR. These abundance estimates were 
based on sampling conducted in July and September 2000. The sampling of the Coggeshall tidal 
wetland was conducted using 1 m2 throw traps in the tidal creeks and pools of the wetland during 
ebb tide after the wetland surface had drained (personal communication, K. Raposa, Naragansett 
Estuarine Research Reserve, 200l).The sampling results from this effort are presented in 
Table 4-19 for the Pilgrim species that would benefit most from tidal wetlands restoration. 
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The sampling efficiencies of bottomless lift nets for individual fish species are provided in Rozas 
(1992), and are 93% for striped mullet (Mugil cephalus), 81% for gulf killifish (Fundulus 
grandis), and 58% for sheepshead minnow (Cyprinodon variegatus). The average of these three 
sampling efficiencies is 77%, which corresponds to a sampling efficiency adjustment factor of 
1.3 (i.e., 1.0/0. 77). 

Lastly, although specific studies of the sample efficiency of a beach seine net were not identified, 
an estimated range of 50% to 75% was provided by the staff involved with the Rhode Island 
coastal pond survey (personal communication, J. Temple, Rhode Island Division ofFish and 
Wildlife, 2002). Using the lower end of this range as a conservative assumption, a sample 
efficiency adjustment factor of 2.0 (i.e., 1.0/0.5) was applied for the abundance estimates for both 
the Rhode Island juvenile finfish survey and the Rhode Island coastal pond survey. 

Conversion to age-l life stage 

The sampling techniques described in Section 4.5.2.1 are intended to capture juvenile. fish 
(personal communication, K. Raposa, Naragansett Estuarine Research Reserve, 2001 ). That 
juvenile fish were the dominant age class taken was confirmed by the researchers involved in 
these efforts (personal communication, K. Raposa, Naragansett Estuarine Research Reserve, 
2001; personal communication, C. Powell, Rhode Island Department of Environmental 
Management, 2001; and personal communication, J. Temple, Rhode Island Division ofFish and 
Wildlife, 2001). As a result, the sampling results presented in Section 4.5.2.1 required adjustment 
to account for expected mortality between the juvenile and age-l life stages. The information 
used to develop these survival rates and the final life stage adjustment factors are presented in 
Table4-22. 

Table 4-22. Life stage adjustment factors for Pilgrim sp~ies - Tidal wetland restoration. 

Species 
American sand lance 

Winter flounder 

Atlantic silverside 

Grubby 

Striped killifish 

Striped bass-

Oldest life stage Estimated Life stage captured 
before age 1 in survival rate to in tidal wetland 

I&E model age 1 sampling efforts 
larvae 0.0298 juvenile 

juvenile 

larvae 

larvae 

larvae 

0.2903 juvenile 
0.0044 

0.0180 

0.0949 

juvenile 

juvenile 

juvenile 

Estimated life stage 
adjustment faetor 

0.5149 

0.2903 

0.5022 

0.5090 

0.5474 
juvenile 0.5361 juvenile 0.5361 

Bluefish juvenile 0.0103 juvenile 0.0103 
a. Information in the I&E model is available for two juvenile life stages for striped bass. The data for the older 
juvenile life stage were used. 
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Adjusting for differences between restored and undisturbed habitats 

Restoring full tidal flows rapidly eliminates differences in fish populations between unrestricted 
and restored sites (Roman et al., submitted to Restoration Ecology), resulting in very similar 
species composition and density (Dionne et al., 1999; Fell et al., 2000; Warren et al., submitted 
to Restoration Ecology). However, a lag can occur following restoration (Raposa, in press). 
Therefore, an adjustment factor of 1.0 was used, signifying that no quantitative adjustment was 
necessary. 

Adjusting sampled abundance for timing and location of sampling 

At high tide, fish in a tidal wetland have access to the full range of habitats, including the flooded 
vegetation, ponds, and creeks that discharge into or drain the wetland. In contrast, at low tide, 
fish are restricted to tidal pools and creeks. Therefore, sampling conducted at low tide represents 
a larger area of tidal wetlands than the sampled area. Abundance estimates based on samples 
taken at low tide were therefore divided by the inverse of the proportion of subtidal habitat to 
total wetland habitat. In contrast, no adjustment was applied to abundance estimates based on 
samples such as those from lift nets or seines, taken at high tide or in open water offshore. The 
site-specific adjustment factors in Table 4-23 were based on infonnation regarding the proportion 
of each tidal wetland that is subtidal habitat (personal communication, K. Raposa, Naragansett 
Estuarine Research Reserve, 200 1 ). 

Table 4-23. Adjustment factors for tidal wetland sampling conducted at low tide. 

Tidal wetland 
Ratio of open water (creeks, pools) 

to total habitat in the wetland Adjustment factor 
Sachuest Marsh 
Galilee Marsh 
Coggeshall Marsh 

0.055 
0.084 
0.052 

4.5.2.3 Final estimates of annual average age-l fish production from tidal 
wetland restoration 

18.2 
11.9 
19.2 

Table 4-24 presents the final estimates of annual increased production of age-l fish resulting 
from tidal wetland restoration for Pilgrim species that would benefit most from tidal wetland 
restoration. 
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Table 4-24. Final estimates of tbe annual increase in production of age-l equivalent rJSb per square meter of restored tidal 
wetland for Pilgrim species tbat would benefit most from tidal wetland restoration. 

Species 

American 
sand lance 
Winter 
flounder 

Source of 
Initial species 

density 
estimate 

noobs. 

Raposapers 
comm2001 

Raposapers 
comm 2001 

C Powell pers 
comm2001 

C Powell pers 
comm200l 

SampHng location 
and date• 

NERR- Prudence lsi. 
Coggeshall- July 2000 

NERR - Prudence lsi. 
Coggeshall- Sept. 2000 

Chepiwanoxet average 
1990-2000 (seine) 

Wickford average 1990-
2000 (seine) 

J. Temple pers Narrow River average 
comm 2002 1998-2001 (seine) 

J. Temple pers Winnapaug Pond average 
comm2002 1998-2001 (seine) 

J. Temple pers Point Judith Pond average 
comm2002 1998-2001 (seine) 

Species 
avera e 

Reported/ 
calcu_lated species 
density estimate 
per m2 of tidal 

wetland 

0.10 

0.10 

0.09 

0.20 

0.32 

0.21 

0.21 

Sampling 
efYiciency 

,.djustment 
factor 

1.6 

1.6 

2.0 

2.0 

2.0 

2.0 

2.0 
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Restored 
habitat 

Sampling 
time and 

Life stage service now location 
adjustment adjustment adjustment 

factor factor factor 

0.2903 19.23 

0.2903 19.23 

0.2903 1.00 

0.2903 1.00 

0.2903 1.00 

0.2903 1.00 

0.2903 1.00 

Increased 
production of 

age 1 fJSh per m2 

of restored tidal 
wetlandb 

0.00 

0.00 

0.05 

0.12 

0.19 

0.12 

0.12 

0.09 
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Table 4-24. Final estimates of the annual increase in production of age-l equivalent fash per square meter of restored tidal 
wetland for Pilgrim S(!ecies that would benefit most from tidal wetland restoration (cont.). 

Source or 
initial spedes 

density SampUng location 
Spedes estimate and date• 
Atlantic Roman et al., Sachuest Point- 1997 
silvers ide submitted to 

Restoration 
Ecology 
Roman et al., Sachuest Point- 1998 
submitted to 
Restoration 
Ecology 
Romanetal., Sachuest Point - 1999 
submitted to 
Restoration 
Ecology 
Raposa pers NERR - Prudence lsi. 
comm 2001 Coggeshall - July 2000 

Raposa pers NERR- Prudence lsi. 
comm2001 Coggeshall- Sept 2000 

Raposa, Galilee Marsh - 1997 
in press 
Raposa, Galilee Marsh - 1998 
in press 
Raposa, Galilee Marsh - 1999 
in press 
Species 
avera e 

Reported/ 
calculated species Sampling 
density estimate efficiency 
per m1 of tidal adjustment 

wetland factor 

1.23 1.6 

0.20 1.6 

0.07 1.6 

0.17 1.6 

0.07 1.6 

4.78 1.6 

1.73 1.6 

14.38 1.6 
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Restored 
habitat 

Ufestage serviceOow 
adjustment adjustment 

factor factor 

0.5022 

0.5022 

0.5022 

0.5022 

0.5022 

0.5022 

0.5022 

0.5022 

SampUng Increased 
time and production or 
location age 1 fisb per m1 

adjustment or restored tidal 
factor wetland~ 

18.18 0.05 

18.18 0.01 

18.18 0.00 

19.23 0.01 

19.23 0.00 

11.90 0.32 

11.90 0.12 

J 1.90 0.97 

0.19 
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Table 4-24. Final estimates of the annual increase in production of age-l equivalent f'ash per square meter of restored tidal 

wetland for Pil£!m species that would benefit most from tidal wetland restoration (cont.). 

Soun:eof 
initial species 

deaslty Sampling location 
S~les estimate and date• 

Grubby no obs. 

Striped Roman et aJ., Sachuest Point- 1997 
killifish submitted to 

Restoration 
Ecology 

Roman et al., Sachuest Point- 1998 
submitted to 
Restoration 
Ecology 
Roman et al., Sachuest Point - 1999 
submitted to 
Restoration 
&ology 

Roman et al., Sachuest Point- 1998 
submitted to (lift net) 
Restoration 
Ecology 

Roman et al., Sachuest Point- 1999 

submitted to (lift net) 
Restoration 
Ecology 

Raposapers NERR- Prudence lsi. 
comm2001 Coggeshall-July 2000 

Reported/ 
calculated speeies Sampling 
density estimate efficiency 
per m2 or tidal adjustment 

wetland factor 

0.70 1.6 

0.17 1.6 

0.55 1.6 

0.01 1.3 

0.01 1.3 

2.40 1.6 
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Restored 
habitat 

Life stage service Oow 
adjustment adjustment 

factor factor 

0.5474 

0.5474 

0.5474 

0.5474 

0.5474 

0.5474 

Sampling Increased 
time and production of 
location age 1 fish per m2 

adjustment ofrestored tidal 
factor wetland~ 

18.18 0.03 

18.18 0.01 

18.18 0.03 

1.00 O.ot 

1.00 O.ot 

19.23 0.1 I 



Stratus Consulting (2/S/02) 

Table 4-24. Final estimates of the annual increase in production of age-l equivalent fish per square meter of restored tidal 
wetland for Pilgrim species that would benefit most from tidal wetland restoration (cont.). 

Species 
Striped 
killifish 

Striped 
bass 

Soureeof 
initial species 

density 
estimate 

Raposa pers 
comm2001 

Raposa, 
in press 

Raposa. 
in press 

Raposa, 
in press 
Species 
average 

noobs. 

Bluefish no obs 

Sampling lc)(ation 
and date• 

NERR- Prudence lsi. 
Coggeshall- Sept. 2000 

Galilee Marsh- 1997 

Galilee Marsh -1998 

Galilee Marsh -1999 

Reported/ Restored Sampling 
calculated species Sampling habitat time and 
density estimate efficiency Life stage service now location 
per m2 of tidal adjustment adjustment adjustment adjustment 

wetland factor factor factor factor 

0.53 1.6 0.5474 19.23 

4.35 1.6 . 0.5474 11.90 

3.50 1.6 0.5474 ") 11.90 

12.40 1.6 0.5474 11.90 

a. Sampling results are based on collections using 1 m2 throw traps unless otherwise noted. 

Increased 
production of 

age 1 fisb per m2 

of restored tidal 
wetland" 

0.02 

0.32 

0.26 

0.91 

0.17 

b. Calculated by multiplying the initial species density estimate by the sampling efficiency, life stage, and restored habitat service flow adjustment 
factors and dividing by the sampling time and location adjustment factor. 
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4.5.3.2 Adjusting artificial reef sampling results to estimate annual average increase in 
production of age-l fJSh 

As with the other restoration alternatives, sampling efficiency, life stage conversion, and restored 
versus undisturbed habitat adjustments were made to production estimates for artificial reef 
habitats. These adjustments are discussed below. 

Sampling efficiency 

The same sampling efficiency adjustment factor of 2.0 is incorporated for the tautog abundance 
estimates developed from the Rhode Island juvenile finfish survey as was used in the sampling 
efficiency adjustments from this survey for winter flounder. The 2.0 adjustment factor represents 
the bottom range (conservative assumption) of a seine net's sampling efficiency (50%), based on 
the judgment of the current staff of Rhode Island's coastal pond fish survey (personal 
communication, J. Temple, Rhode Island Division ofFish and Wildlife, 2002). 

The sampling efficiency of the baited traps and tagging procedure used in Lawton et al. (2000) 
was assumed to be 1.0, as the results of the study already incorporate sampling efficiency as 
reported. 

Conversion to the age-l equivalent life stage 

The information used to develop life stage adjustment factors for juvenile fish to age-l 
equivalents is presented in Table 4-28 for the Pilgrim species that would benefit most from 
artificial reef development. 

Table 4-28. Life stage adjustment factors for Pilgrim species -artificial reef. 

Species 

Rock gunnel 
Radiated shanny 
Sculpin spp. 
Tautog 

Oldest life stage before Estimated survival Sampled life Estimated life stage 
age 1 in I&E model rate to age 1 stage adjustment faetor 

larvae 0.1416 juvenile 0.5708 

larvae 
larvae 
larvae 

0.0853 
0.0180 
0.0001 

juvenile 
juvenile 
juvenile 

0.5426 

0.5090 

0.5001 

The Rhode Island juvenile finfish survey primarily captures juvenile tautog. However, the size 
distribution of cunner suggests that primarily adult fish were captured. Some of these cunner 
were likely older than age 1. To convert the raw cunner numbers to age-l equivalents, we used 
the same factor of 1.39 that is also used in the EAM to convert the raw numbers of cunner 
impinged to age-l equivalents. 
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Adjusting for differences between restored and undisturbed habitats 

No available information suggested that artificial reefs are utilized substantially less than natural 
reefs by the species listed in Table 4-25. Thus, an adjustment factor of 1.0 was incorporated. 

4.5.3.3 Final estimates of increases in age-l production for artificial reefs 

Table 4-29 presents the final estimates of annual increased production of age-l fish, based on the 
average across all sampling efforts, that would result from artificial reef development for species 
at Pilgrim. 

Table 4-29. Final estimates of annual increased production of age-l equivalent fish per 
sguare meter of artificial reef develo2ed for Pilgrim s2ecies. 

Restored vs. Expected •&~ 
Species Sampling undisturbed 1 increased 

Source of initial abundance efficiency Life stage babitat produdion 
species density estimates adjustment adjustment adjustment (fasb per m2 

S~ies estimate (fasb/m2 ree~ factor factor factor artificial ree!l 
Rock gunnel no obs. 
Radiated noobs 
shanny 
Cunner Lawton et al. 4.06· 1.0 1.39 1.0 5.64 

(2000), Plymouth 
MA 

Sculpin spp. Noobs. 

Tautog RI juvenile finfish 0.028 2.0 0.5001 J.O 0.03 
survey, 1990-2000: 
Patience Island 
RI juvenile finfish 0.031 2.0 0.5001 J.O 0.03 
survey, 1990-2000: 
Spar Island 
Spedes average 0.03 

------~· ·· 

a. Ave!!Se of the central ~eulation estimates for the inner and outer breakwaters. 

4.5.4 Estimates of Increased Species Production from Installed Fish Passageways 

A habitat-based option for increasing the production of anadromous species is to increase their 
access to suitable spawning and nursery habitat by installing fish passageways at currently 
impassible barriers (e.g., dams). The anadromous species at Pilgrim that would benefit most from 
fish passageways are presented in Table 4-30, along with information on their annual average 
I&E losses for the period 1974-1999. 
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Table 4-30. Anadromous species at Pilgrim that would benefit most from fish 
passageways. 

(2/5/02) 

Species 
Annual average I&E loss of age-l 

equivalents 
Percentage of annual average I&E loss 

across all fish species 
Rainbow smelt 

Atlantic herring 
Alewife 

Blueback herring 

White perch 
Total 

1,330,022 

29,079 

4,343 

703 

73 

1,364,220 

4.5.4.1 Abundance estimates for anadromous species 

9.23% 

0.20% 

0.03% 

0.00% 

0.00% 

9.4(;% 

No studies provided direct estimates of increased production of anadromous fish attributable to 
the installation of a fish passageway. Thus, increased production estimates were based on 
abundance estimates from anadromous species monitoring programs in Massachusetts and Rhode 
Island, combined with an estimate of the average increase in suitable spawning habitat that would 
be provided upstream of the current impassible obstacles following the installation of fish 
passageways. 

Anadromous species abundance in Massachusetts and Rhode Island 
spawning/nursery habitats 

Information on the abundance of anadromous species in spawning/nursery habitat in 
Massachusetts was available only for a select number of alewife spawning runs in the area 
around the Cape Cod canal, including locations in Massachusetts Bay and Buzzards Bay 
(personal communication, K. Reback, Massachusetts Division of Marine Fisheries, 2001 ). 
Alewife abundance information was also available for the spawning runs at the Gilbert Stuart and 
Nonquit locations in Rhode Island. These runs are almost exclusively alewives, despite being 
reported as runs of river herring (i.e., blueback herring and alewives; personal communication, 
P. Edwards, Rhode Island Department of Environmental Management, 2001). The size of these 
alewife runs and the associated abundance estimates (number of fish per acre) in available 
spawning/nursery habitat are presented in Table 4-31. 

The Mattapoisett system has low spawning habitat utilization by alewives because of continuing 
recovery of the system (personal communication, K. Reback, Massachusetts Division of Marine 
Fisheries, 2001 ). Therefore, the Mattapoisett River values were omitted. This raised the 
production estimates for fish passageways and reduced the restoration costs for implementing 
sufficient fish passageways. 
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Table 4-31. Average run size and density of alewives in spawning nursery habitats in select 
Massachusetts waterbodies. 

Waterbody 
Back River (MA) 
(12 year average) 
Mattapoisett River-
{12 year average) 
Monument River (MA) 
(1 2 year average) 
Nonquit system (RI) 
(1999-2001 average) 
Gilbert Stuart system (RJ) 
(1999-2001 average) 
Average across all sites presented 

Average alewife run size 
(number offish) 

373,608 

66,457 

367,521 

192,173 

311,839 

Average number offish per a(re 
of spawninglnunery habitat 

766 

90 

8)} 

951 

4,586 

Average witho~t M_atta~~set_! Riv~~-- -··-- .. -· 

1,441 
1,778 -·· - .... _,, __ -·---- ·~-·---'----

a. The Mattapoisett River is currently in recovery and production has been increasing in recent years 
(personal communication, K. Reback, Massachuset Division of Marine Fisheries, 2001). 

Average size of spawning/nursery habitat that would be accessed witb tbe 
installation of fish passageways 

Anadromous fisheries staff in Massachusetts revealed that approximately 5 acres of additional 
spawning/nursery habitat would become accessible for each average passageway installed 
(personal communication, K. Reback, Massachusetts Division of Marine Fisheries, 2001). This 
estimate reflects that previous projects have already provided access to most of the available 
large spawning/nursery habitats. · 

4.5.4.2 Adjusting anadromous run sampling results to estimate annual average increase in 
production of age-l fiSh 

As with the other restoration alternatives, a number of adjustment factors were considered. 
However, information was much more limited upon which to base these adjustments. 
Adjustments to convert returning alewives to age-l equivalents and to account for sampling 
efficiency were assumed to be 1.0 because of a lack of information. In addition, nothing 
suggested a basis for adjustments based on differences between existing and new spawning 
habitat accessed via fish passageways. As a result, an adjustment factor of 1.0 was used. 
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4.5.4.3 Final estimates of annual age-l equivalent increased species production 

The density of anadromous species in their spawning/nursery habitat, the average increase in 
spawning/nursery habitat from installation of fish passageways, and adjustment factors are 
presented in Table 4-32. 

Table 4-32. Estimates of increased age-l fish for Pilgrim species that would benefit most 
from installation of fish ~assagewa1:s. 

S~ies 
Rainbow 
smelt 
Atlantic 
herring 
Alewife 

Source of 
initial species 

density 
estimate 

noobs 

noobs 

Mattapoisett 
River -
(K. Reback MA 
DMFpers. 
comm, 2001) 
Monument 
River-
(K. Reback MA 
DMFpers. 
comm, 2001) 
Back River-
(K. Reback MA 
DMFpers. 
comm, 2001) 
Nonquit river 
system-
(P. Edwards, Rl 
DEM,pers 
comm, 2001) 
Gilbert Stuart 
river system -
(P. Edwards, Rl 
OEM, pers 
comm, 2001) 

Species density 
estimate in 
spawning/ 

nursery habitat 
(rash ~r acre} 

90 

810 

766 

951 

4,586 

Number of 
additional 

spawning/ nursery 
habitat acres per 
new nassaaewa~ 

5 

5 

5 

5 

5 

Species average (excluding Mattapoisett Rivert 
Blueback no obs. 
herring 
White no obs. 
perch 
a. This value is the product of the values in the five data fields. 

Life Newvs. Calculated 
stage e:llsting annual increase 

adjust- habitat in age-l riSh per 
ment adjust-ment new passageway 
factor factor instaUed• 

452 

4,054 

3,828 

4,757 

22,929 

8,892 

b. As previously noted, the Mattapoisett results are excluded in calculating the species average for alewife 
because the low density estimates are attributable to the system recovering from previous stressors. 
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4.5.5 Estimates of Increase in Age-l Fish Production from Water Quality Improvements 
or Reduced Fishing Pressure 

Resource managers and restoration experts indicated that a number of Pilgrim species would 
benefit most from improved water quality or reduced fishing pressure because they met at least 
one of the following crite.ria: 

• The species is pelagic (e.g., Atlantic menhaden). 

• There is no obvious habitat that the species prefers or relies on that could be practically 
restored (e.g., hogchoker). 

• The preferred habitat is in deep water (e.g., greater than 30 feet) or very deep water 
(e.g., greater than 100 feet), which limits practical options for habitat restoration because 
of cost or technical constraints (e.g., fourbeard rockling, American plaice). 

As a result, pursuing improvements in water quality and/or reducing fishing pressure were 
selected as the preferred restoration alternatives for these species. The species at Pilgrim that 
would benefit most from improving water quality or reducing fishing pressure are listed in 
Table 4-33, along with annual average I&E losses for the period 1974-1999. 

Table 4-33. Pilgrim species that would benefit most from improving water quality or 
reducing fishing pressure. 

Species 

Finfish 

Fourbeard rockling 

Windowpane 

Atlantic menhaden 

Atlantic mackerel 

Searobin 

Red hake 
Lump fish 

Butterfish 

American plaice 

Scup 

Little skate 

Bay anchovy 

Hogchoker 

Total 

SbeUfLSh 

Blue mussels 

Average annual I&E loss of age-l 
equivalent organisms 

411,191 

17,542 

14,270 

6,662 

3,767 

1,774 

1,297 

399 

221 

ll4 

78 

18 

2 

457,335 

1 59,880,528,203 
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Percentage of total I&E losses 
for aU species 

2.85% 

0.12% 

0.10% 

0.05% 

0.03% 

0.01% 

0.01% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

J.l7o/e 

100% 
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Despite the magnitude of I&E losses for these species, and the fact that improving water quality 
and reducing fishing pressure would benefit all species to varying degrees, it was beyond the 
scope of this HRC to develop quantitative estimates of the increased production of age-l fish 
from these two alternatives. This reflects both budget constraints and a lack of readily available 
information describing how much water quality projects would improve water quality, and how 
much water quality improvements would increase fish production. In addition, significant 
uncertainty exists regarding the effectiveness of nonregulatory actions that could be undertaken 
to reduce fishing pressure. The limits to developing quantitative estimates of the increased 
production of age-l fish are reviewed in the following subsections. 

4.5.5.1 Limits to quantifying age--l production increases from water quality improvements 

Several actions could improve water quality without transferring legal responsibility from one 
party to another. For example, buffer strip development along waterways and septic system 
improvements would reduce loadings of suspended solids and nutrients into water bodies, 
improving turbidity, dissolved oxygen content, and chemica) concentrations. These 
improvements could be linked to increases in age-l fish directly by reducing mortality, or 
indirectly by stimulating increased natural production. 

The expected average annual increases in fish production associated with these restoration 
actions were not quantified because developing or interpreting complex water quality, 
concentration-response, and population models was beyond the scope of this HRC valuation. 
However, these relationships could be developed with additional time and effort. 

4.5.5.2 Limits to quantifying increased species production from reduced fJSbing pressure 

Most actions that can achieve lasting reductions in fishing pressure require changes in existing 
regulations. However, regulatory changes were beyond the scope of this HRC valuatio~ 
particularly because of the uncertainty concerning the lack of established property rights for 
individual fish. Absent these rights, which could be established through individual allocations of 
a fixed quota on commercial and recreational catches, reducing fishing pressure on a species 
generally involves persuading current participants in the fishery to cease or reduce their 
operations. 

While market-based programs such as commercial boat buy-backs (Kitts and Thunberg, 1998) 
have been implemented to reduce fishing pressure, their impact is uncertain because these boats 
generally have an operating license that permits a limited number of days at sea or other level of 
effort. While this limits the number of days at sea for a given fleet, its impact may be minimal if 
the most productive boats remain in the fleet. Further, removing the effort of a given boat may 
have little impact if it was not actively fishing or if the remaining vessels increase their level of 
effort. For these reasons the potential benefits of reduced fishing pressure were not quantified. 
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4.6 Step 6: Scaling Preferred Restoration Alternatives 

The following subsections calculate the required scale of implementation for each of the 
preferred restoration alternatives for each species. The quantified I&E losses are divided by the 
estimates of the increased fish production, giving the total amount of each restoration needed to 
offset I&E losses for each species. 

4.6.1 SA V Scaling 

The information used to scale SA V restoration is presented in Table 4-34. 

Table 4-34. Scaling of SA V restoration for Pilgrim species. 
Best estimate of increased 

Avenge annual production of age-l flsb per 
I&E loss ofage-1 100 mJ ofrevegetated 

Species equivalent fasb substrate (rounded) 
Atlantic tom cod 2,439 0.99 
Pollock 525 no obs. 
Northern pipefish II 8 2.50 
Threespine stickleback 118 19.29 
Required units of implemenutioo to offset I&E losses across species 

4.6.2 Tidal Wetlands Scaling 

Number of 100 mJ units of 
revegetated SA V required 
to offset estimated avenge 

annual I&E loss 
2,475 
N/A 
47 

6 
2,475 

The information used to scale tidal wetland restoration is presented in Table 4-35. 

Table 4-35. Scaling of tidal wetland restoration for Pilgrim species. 
Best estimate of increased Number of m1 units of 

Avenge annual production of age-l rash per restored tidal wetland 
I&E loss of.age-1 mJ of restored tidal wetland required to offset estimated 

Species equivalent rasb (rounded) avenge annuaii&E Joss• 
American sand lance 4,116,285 no obs. N/A 
Winterflounder 210,715 0.09 2,429,812 
Atlantic silverside 25,929 0.19 139,539 
Grubby 879 no obs. N/A 
Striped killifish 90 0.17 527 
Striped bass 9 no obs. N/ A 
Bluefish 2 no obs. N/A 
Required units of implementation to offset I&E losses across spedes 2,419,812 
a. A restored wetland area refers to an area in a currently restricted tidal wetland where invasive species 
(e.g., Phragmites spp.) have overtaken salt tolerant tidal marsh vegetation (e.g., Spartina spp.) and that is 
expected to revert to typical tidal marsh vegetation once tidal flows are returned. Waterways adjacent to these 
vegetated areas are also included in calculating the potential area that could be restored in a tidal wetland. 
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4.6.3 Reef Scaling 

The infonnation used to scale artificial reef development is presented in Table 4-36. 

Table 4-36. Scaling of artificial reef development for Pilgrim species. 

Average annual 
J&E loss ofage-1 

Best estimate of increased 
production of age-l fish per 

m2 of artificial reef 

Number of m2 units of artificial 
reef surface habitat required to 
offset estimated average annual 

species equivalent fish (rounded) I&E loss 
Rock gunnel 4,862,872 no obs. 
Radiated shanny 1,644,456 no obs. 
Cunner 993,911 5.64 
Sculpin species 734,773 no obs. 
Tautog 1,076 0.03 

Required units of implementation to offset J&E losses across spedes 

N/A 

N/A 

176,218 

N/A 

36,699 

176,218 

4.6.4 Anadromous Fish Passage Scaling 

The infonnation used to scale fish passageway installation is presented in Table 4-37. 

Table 4-37. Scaling of anadromous fish passageways for Pilgrim sp«les. 

Species 

Rainbow smelt 

Atlantic herring 

Alewife 

Blueback herring 

Average annual 
I&E loss of age-l 

equivalent rub 
1,320,022 

29,079 

4,343 

703 

Best estimate of increased Number of new rL1h 
production of age-l fish per passageways required to offset 

passageway installed estimated average annual 
(rounded) I&E loss 

noobs. N/A 

noobs. N/A 
8,892 0.49 

noobs. N/A 
White perch 73 no obs. N/A 

0.49 Required units of implementation to offset I&E losses across species 

4.6.5 Water Quality Improvement/Reduce Fishing Pressure Scaling 

It was not possible to scale sufficient water quality improvements and reduced fishing pressure to 
offset I&E losses. The Pilgrim species that would benefit most from improving water quality and 
reducing fishing pressure are presented in Table 4-38. Scaling this restoration alternative likely 
would increase the Pilgrim HRC estimate significantly, as discussed in Section 4.9. 
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Table 4-38. Pilgrim species that would benefit most from improved water quality/reduced 
fishing pressure. ),.. 

Best estimate of increased Number of units of water 
Average annual production of age-l f"ISh from quaUty improvement 
I&E loss of age-l water quality/reduced fashing required to offset estimated 

S~ies eguivalent fiSh ~ressure im~rovements averase annual I&E Joss 

Finfuh .. ----.. -· ·-- -·-·-·· .... - ·---·--
Fourbeard rockling · 411,191 no obs. N/A 

Windowpane 17,542 no obs. N/A 

Atlantic menhaden 14,270 no obs. N/A 

Atlantic mackerel 6,662 no obs. N/A 

Searobin 3,767 no obs. N/A 

Red hake 1,774 noobs. N/A 
Lumpfish 1,297 noobs. N/A 

Butterfish 399 no obs. N/A 
American plaice 221 no obs. N/A 

Scup 114 noobs. N/A 
Little skate 78 no obs. N/A 
Bay anchovy 18 no obs. N/A 

Hogchoker 2 no obs. N/A 

Shellfuh 

Blue mussel I 59,880,528,203 noobs. N/A 

4. 7 Unit Costs 

The seventh step of the HRC valuation is to develop unit cost estimates for the restoration 
alternatives. Unit costs account for all the anticipated expenses associated with the actions 
required to implement and maintain restoration. Unit costs also included the cost of monitoring 
to determine increased production of age-l fish. Unit costs were expressed as the current level of 
funding required to cover all expenses over the anticipated project life. 

All major project expenditures were assumed to occur in the first year, leaving only maintenance 
and monitoring expenses in subsequent years. Most of these projects were assumed to require 
little or no maintenance. The monitoring programs were assumed to last for 10 years. Therefore, 
the current funding required for a unit of each restoration alternative was calculated as the sum 
provided at the project outset that could fund all activities for 10 years, accounting for inflation 
and interest. The following price inflation and interest earnings assumptions were made: 
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• An annual price inflation rate of3.0% was used, consistent with the observed annual rate 
in the Consumer Price Index from 1990 through 2000 (U.S. Bureau of Labor Statistics, 
2001). 

• Interest earnings were calculated by multiplying remaining balances at the end of each 
year by the estimated December 2001 Treasury bill rate of 5.16% (U.S. Bureau of 
Housing and Urban Development, 2001). 

4. 7.1 Unit Costs of SA V Restoration 

Unit cost estimates for SA V restoration were expressed as the present value of costs per 100 m2 

for direct comparison with increased production estimates. A number of completed and ongoing 
SA V restoration projects were evaluated, and monitoring costs were included. The following 
subsections describe how implementation and monitoring costs were derived for SA V 
restoration. 

4.7.1.1 Implementation costs 

Save the Bay has a long history of SA V habitat assessment and restoration in the Naragansett and 
Mount Hope Bays. A Save the Bay SAV restoration project begun in the summer of2001 
involved transplanting eelgrass to revegetate 16 m2 of habitat at each of three sites in Naragansett 
Bay. Cost information from .this project was used to develop unit cost estimates for implementing 
SA V restoration per 100 m2 of revegetated habitat. 

Save the Bay's cost proposal estimated that $93,128 (2001 dollars) would be required to collect 
and transplant eelgrass shoots over 48 m2 of revegetated habitat. These costs include collecting 
and transplanting the SA V shoots to provide an initial density of 400 shoots per revegetated 
square meter of substrate. Averaged over the 48 m2 of habitat being revegetated, this provides an 
average unit cost of$1,940 per m2

• The unit costs comprise the following categories: 

• labor: 70.7% (includes salaried staff with benefits; consultants, and accepted rates for 
volunteers) 

• boats: 15.2% (expenses for operating the boat for the collecting and transplanting) 

• materials and equipment: 9.6% 

• overhead: 4.6% (calculated as a flat percentage of the labor expenses for the salaried 
staff). 
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Contingency expenses were set at 10% ($194 per m2
). The costs of identifying and evaluating the 

suitability of potential restoration sites were set at 1% ($19 per m2
). No costs were added for 

maintaining the service flows provided by the project, because SA V restoration requires little 
direct maintenance. This reflects both the relative inaccessibility of SAV sites and the relative 
importance of factors beyond direct control, such as local water quality and extreme weather. 

Costs were also adjusted to account for natural growth and spreading from the original transplant 
sites to the bare spots between transplants (Short et al., 1997). For example, Dr. Frederick Short 
(University ofNew Hampshire's Jackson Estuarine Laboratory) planted between 120 and 
130 TERFS (Transplanting Eelgrass Remotely with Frame Systems), each 1 m2

, in each acre of 
seabed to be revegetated at a SA V restoration site (personal communication, P. Colarusso, 
U.S. EPA Region 1, 2002). Assuming complete coverage over time, this results in a ratio of 
plantings to total coverage of between 1:31 (130 1 m2 TERFS I 4,047 m2 per acre) and 1:34 
(120 1m2 TERFS I 4,047 m2 per acre). 

However, the initially bare areas do not revegetate immediately. Therefore, an assumption was 
made that the area covered would double each year. Under this assumption, the entire area would 
be filled in the sixth year of the restoration project. Using the habitat equivalency analysis (HEA) 
method (Peacock, 1999), the present value of the services over the 6 years is 90% of that 
provided by instantaneous revegetation. Therefore, 90% of the 1 :34 planting-to-coverage ratio, or 
1 :30, was applied. Table 4-39 presents the components of implementation unit cost for SA V 
restoration, incorporating the adjustment ratio in the last step. 

Table 4-39. Implementation unit costs for SA V restoration. 

Expense category 
Direct restoration 
(shoot collection and transplant) 
Contingency costs 
{10% of direct restoration) 

Restoration site assessment (lo/o of direct 
restoration) 

Subtotal without allowance for distribution 
of transplanted SA V shoots 
Discounted rate of return on transplanted 
SAV 

Final implementation unit costs 

Cost per m2 of SA V 
restored 

$1,940 

$194 

$19 

$2,154 

30:1 
$71.80 
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Cost per 100m2 of SA V 
restored 

$194,000 

$19,400 

$1,900 

$215,400 

30:1 
$7,180 
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4.7.1.2 Monitoring costs 

SA V restoration monitoring improves the inputs to the HRC analysis by quantifying the impact 
of the SA V restoration on fish production/recruitment in the restoration area, and the rate of 
growth and expansion of the restored SA V bed. The most efficient way to achieve both of these 
goals would be for divers to evaluate the number of adult fish in the habitat and the vegetation 
density, combined with throw trap or drop trap sampling of juvenile fish using the habitat (Short 
et al., 1997). Diver-based monitoring minimizes damage to sites, expands the areas that can be 
sampled, and increases sampling efficiency compared to trawl-based monitoring (personal 
communication, J. Hughes, NOAA Marine Biological Laboratory, 2001). 

Hourly rates for the divers and captain were provided by Save the Bay (personal communication, 
A. Lipsky, Save the Bay, 200 1 ), and the daily rate for the boat was based on rate information 
from NOAA's Marine Biological Laboratory in Woods Hole (personal communication, 
J. Hughes, NOAA, 2001). Because SAV monitoring costs will be significantly affected by the 
size, number, and distance between restored SA V habitats, large areas can be covered in a single 
day only when continuous habitats are surveyed. Smaller, disconnected habitats will require 
much more time to cover. Therefore, total monitoring costs are somewhat unpredictable and were 
assumed to be equal to initial revegetation costs. This simplifying assumption is neither 
conservative, nor liberal. The summary of the available SA V monitoring costs and the final 
assumption used are presented in Table 4-40. 

Table 4-40. Estimated annual unit costs for a SA V restoration monitoring program. 
Annual expendilures 

Expense category Quantity Daily rate Total cost 

Monitoring crew 3 (2 divers and boat $268 $804 
captain/assistant) 

$150 Monitoring boat 1 $1 50 

Total daily rate _____ -·--··--·--- ___ ··-- - __ -· ··--- -·--· -·- ______ _ $~54 _____ _____ _ 
Assumed PV cost for SA V monitoring per I 00 ml restored habitat $7,180 

4.7.1.3 Total SAV restoration costs 

Combining the unit costs for restoration and monitoring, the cost for a I 00 m2 unit of SA V 
restoration for 10 years is $14,360. 

4.7.2 Unit Costs of Tidal Wetland Restoration 

Many different actions may be needed to restore flows to a wetland site, and project costs can 
vary widely. These issues are addressed in the following subsections, which present the 
development of the unit costs for tidal wetland restoration. 
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4.7.2.1 Implementation costs 

Costs for restoration of tidally restricted marshes depend heavily on the type of restriction that is 
impeding tidal flow into the wetland. Possible sources of the restriction in tidal flow include 
improperly designed or located roads, railroads, bridges, and dikes, all of which can eliminate 
tidal flows or restrict tidal flows via improperly sized openings. A compilation of tidally 
restricted salt marsh restoration projects in the Buzzards Bay watershed (Buzzards Bay Project 
National Estuary Program, 2001) describes restrictions and costs to return tidal flows to over 
130 sites. These cost estimates include expenses for project design, permitting, and construction, 
and are estimated on a predictive cost equation that was fitted from the actual costs and budgets 
for a limited number of projects (Buzzards Bay Project National Estuary Program, 2001 ). 

Staff involved in the Buzzards Bay assessment provided the current project database, which 
includes the following information (personal communication. J. Costa, Buzzards Bay National 
Estuary Program, 2001 ): 

... nature of the tidal restriction 

... estimated cost to address the tidal restriction 

... size of the affected tidal wetland (in acres) 

... acreage of the Phragmites in the tidally restricted wetland. 

Some of the project costs used in the cost estimation equation were provided by public agencies, 
which were lower than market prices (personal communication. J. Costa, Buzzards Bay National 
Estuary Program, 2001). Therefore, the cost estimates were adjusted upward by a factor of2.0, I 

consistent with the adjustment recommended in the report (Buzzards Bay Project National 
Estuary Program, iOOl). The adjusted total project costs were then divided by the acres of 
Phragmites in the wetland to provide the cost per acre (sites with no Phragmites were eliminated 
from consideration). Table 4-41 summarizes costs based on the cost factor (an input in the cost 
estimation equation), type of restriction found at the site, and the number of Phragmites acres at 
the location. An alternative summary of these projects is presented in Table 4-42, where the 
projects are organized by acres of Phragmites at the site, not the current tidal restriction. 

Combined, Tables 4-41 and 4-42 show significant variability in the per acre costs for tidal 
wetland restoration. Therefore, the median cost of$71,000 per acre of tidal wetland restoration 
was used. Table 4-43 presents the final per acre implementation costs for tidal wetland 
restoration. These costs include the median per acre restoration cost, $750 per acre, paid by the 
Rhode Island Department of Environmental Management's Land Acquisition Group for this type 
of land (personal communication. L. Primiano, Rhode Island Department of Environmental 
Managemen~ 2001). 
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Table 4-41. Salt marsh restoration costs. 

Restriction Cumulative Average 
structure Cost Pbragmites Number Phragmltes Phragmltes Total 
class factor acres of sites 

culvert 0.5 acres< I 16 
culvert 0.5 I <acres<5 II 

culvert 0.5 5 <acres< 10 I 

dike 0.5 acres< I 1 
road 0.5 I <acres<5 1 

culvert acres< I 31 
culvert I <acres< 5 23 

culvert 5 <acres< 10 2 

culvert 10 <acres< 25 2 

dike 10 <acres< 25 

fill acres< t 

road acres< 1 

road I I <acres<5 I 

wall 1 acres< I 2 

bridge 3 acres< I 8 

bridge 3 I <acres<5 12 

bridge 3 5 <acres< 10 2 

bridge 3 10 <acres< 25 8 

bridge 3 25 < acres < 50 4 

bridge 3 SO <acres 1 

railroad 4 acres< I t 

railroad 4 1 <acres< 5 3 

acreage 

6.59 

20.37 

8.56 

0.35 

1.67 

13.26 

46.02 

16.43 

41.97 

12.00 

0.12 

0.10 

2.31 

0.96 

5.I2 

27.32 

II.OI 

103.49 

157.28 

113.00 

0.41 

3.61 

a crease (!rivate cost 

0.41 $335,357 

1.85 $242,496 

8.56 $20,825 

0.35 $13,21 1 

1.67 $19,116 

0.43 $1,797,450 

2.00 $I,225,745 

8.22 $248,878 

20.99 $91,451 

12.00 $6,053,000 

0.12 $3I,I42 

0.10 $29,396 

2.31 $35,231 

0.48 $148,819 

0.64 $21,208,029 

2.28 $27,704,691 

5.51 $6,606,000 

12.94 $92,094,000 

39.32 $8.262,000 

I 13.00 $6,163,000 

0.41 $66,841 

1.20 $1,078,692 
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Average cost per 
Phragmites acre Minimum cost Maximum cost per 

restored (from total per Phragmltes Phragmites acre 
cost and acres) acre restored restored 

$50,889 $17,921 $578,081 
$1 1,903 $3,242 $7I,045 

$2,434 $2,434 $2,434 

$38,073 $38,073 $38,073 
$11,447 $11,447 $I 1,447 

$135,585 $21,518 $10,490,647 
$26,633 $5,3I2 $84,770 

$15,I44 $9,898 $22,608 

$2,I79 $I,919 $2,449 

$504,417 $504,4 I7 $504,417 

$251,I46 $251,146 $25I,146 

$293,958 $293,958 $293,958 

$15,265 $I5.265 $I5,265 

$154,697 $25,661 $5,936,752 

$4,I40,576 $184,170 $13,418,293 

$I,014,192 $184,048 $3,663,062 

$599,946 $399,746 $800,545 

$889,883 $56,300 $3,300,250 

$52,529 $22,882 $105,968 

$54,540 $54,540 $54,540 

$163,826 $163,826 $I63,826 

$298,476 $208,033 $13,418,293 
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Table 4-42. Average per acre cost of restoring Phragmites in Buzzards Bay restricted tidal wetlands. 
Plrragmlln Cumulative Total private Average ~ost per Phragmites acre 
acres Number ofsites acreage Average acreage cost restored (from total cost and acres) 
acres< I 61 26.91 0.44 $23,630,245 $878,121 
l<acres<S 51 101.31 1.99 $30,305,971 $299,153 
S <acres< 10 5 36.00 7.20 $6,875,703 $190,992 
10 <acres< 25 
25 < acres < SO 

50 <acres 
Total 

Median 

11 
4 

1 
133 

157.46 

157.28 

I 13.00 
591.96 

14.31 

39.32 

I 13.00 
4.45 
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$98,238,45 I $623,895 
$8,262,000 $52,529 
$6,163,000 $54,540 

$173,475,370 $293,053 
$71,000 
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Table 4-43. Implementation unit costs for tidal wetland restoration incorporated in the 

HRC. 
Implementation cost description 

Restore tidal flows to restricted areas 

Acquire tidal wetlands 

4.7.2.2 Monitoring costs 

Source of estimate 

Median of adjusted costs from 
Buzzards Bay project database 
Midpoint of range of paid for tidal 
wetlands by Rhode Island OEM 

Value (2001 doUan) 
$71,000 

$750 

Neckles and Dionne (1999) present a sampling protocol, developed by a workgroup of experts, 

for evaluating nekton use in restored tidal wetlands. The sampling plan calls for different 

sampling techniques and frequencies to capture fish of various sizes in both creek and flooded 

marsh habitats of a tidal wetland. A summary of these recommendations is presented in 

Table 4-44. 

Table 4-44. Sampling guidelines for nekton in restored tidal wetlands. 

Sampling location Sampling technique Sampling time Sampling frequency 

Creeks Throw traps midtide during spring 2 dates in August 

(for small fish) 
Creeks 
(for larger fish) 

Fyke net 

Flooded wetland surface Fyke !l_et __ _ 
Source: Nec:kles and DioMe, 1999. 

tide cycle 
slack tide during spring 2 dates in August (same as for throw 
tide cycle trap work) and 2 dates in spring 

spring tide cycle_ _ l_d_a-'te_i_n_A_u...,gu_s_t ---- - -

The sampling protocol suggests that one technician and two volunteers can provide the necessmy 

labor. The estimated annual cost in the first year of monitoring is $1,600. This cost comprises 

$490 in labor for the three workers over 5 days (3 in August and 2 in the spring, with 8-hour 

days, $15 per hour for volunteers, and $30 per hour for the technician). The $1, 1 00 in equipment 

costs includes two fyke nets and two throw traps at $500 for the fyke nets and $50 for homemade 

throw traps (Neckles and Dionne, 1999). Two sets of this sampling equipment would allow 

simultaneous sampling in a restored marsh and at a reference location. Treating these costs as a 

per acre cost for aggregation with implementation costs probably overstates the frequency of 

sampling required at the site. However, the initial year labor cost of$500 per acre has little 

impact compared to implementation and overall costs. 

4.7.2.3 Total tidal wetland restoration costs 

Combining implementation and monitoring costs for tidal wetland restoration with annual price 

inflation (3%) and interest earned on balances carried over (5.16%), the cost for an acre of tidal 

wetland restoration is $78,500. or $19 per m2
, which was used in the development of the total 

Pilgrim HRC valuation. 
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4.7.3 Artificial Reef Unit Costs 

The unit cost estimates for developing and monitoring artificial reefs are based the construction 
and monitoring of six 30 ft x 60 ft reefs constructed of 5-30 em diameter stone in· Dutch Harbor, 
Naragansett Bay (personal communication, J. Catena, NOAA Restoration Center, 2001). While 
these reefs were constructed for lobsters, surveys of the Dutch Harbor reefbave noted abundant 
fish use of the structures (personal communication, K. Castro, University of Rhode Island, 2001). 

4.7.3.llmplementation costs 

The summary cost information for the design and construction of the six reefs in Dutch Harbor is 
presented in Table 4-45 (personal communication, J. Catena, NOAA Restoration Center, 2001). 

Table 4-45. Summary cost information for six artificial reefs in Dutch Harbor, Rhode 
Island. 
Project component 
Project design 
Pennitting 
Interagency coordination 
RFP preparation 

Contract management 
Baseline site evaluation 
Reef materials (600 yd' of2-12 in. stone) 
Reef construction 
Total 

Cost 
not explicitly valued, received as in-kind services 
not explicitly valued, received as in-kind services 
not explicitly valued, received as in-kind services 
not explicitly valued, received as in-kind services 
not explicitly valued, received as in-kind services 
$12,280 

$12,000 

$35,400 

$59,680 

These costs were converted to cost per square meter of surface habitat. The cumulative surface 
area ofthe.six reefs, assuming that the reefs have a sloped surface on both sides, and based on the 
volume of material used, is approximately 1,024 m2• Dividing the total project costs by this 
surface area results in an implementation cost of$58/m2 of artificial reef habitat. 

4.7.3.2 Monitoring costs 

Monitoring costs for the Dutch Harbor reefs were $140,000 over a 5 year period. Again, 
assuming similar assessment techniques would be required to evaluate fish use and production of 
an artificial reef (i.e., diver surveys and trap work), these costs are adjusted to provide a 
monitoring expense of $28,000. 
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4.7.3.3 Total artificial reef costs 

Combining costs for implementation and monitoring of an artificial reef with annual price 
inflation (3%) and the interest earned on balances carried over ( 5.16% ), the cost is $308/m2 

($315,16711,024 m2 surface area over the six reefs), which was used in the development ofthe 
total Pilgrim HRC valuation. 

4.7.4 Costs of Anadromous Fish Passageway Improvements 

Unit costs for fish passageways were developed from a series of budgets for prospective 
anadromous fish passageway installation, combined with information provided by staff involved 
with anadromous species programs in Massachusetts and Rhode Island. The implementation, 
maintenance, and monitoring costs for a fish passageway are presented in the following 
subsections. 

4.7.4.1 Implementation costs 

Projected costs for four new Denil type fish passageways on the Blackstone River at locations in 
Pawtucket and Central Falls, Rhode Island, provide the base for the implementation cost 
estimates for anadromous fish passageways (personal communication, T. Ardito, Rhode Island 
Department of Environmental Management, 2001). The reported lengths of the passageways in 
these projects ranged from 32 m to 82 m, with associated changes in vertical elevation ranging 
from slightly more than 4 m to approximately 1 0 m based on the reported slope ratios of 1 :8. 

The average cost for these projects was $513,750. The average cost per meter of passageway 
length was $10,300 and per meter of vertical elevation covered was $82,600. These estimates are 
consistent with the approximate values of $9,800 per meter of passageway length and $98,000 
per vertical meter suggested by the U.S. Fish and WiJdlife Service's regional Engineering Field 
Office (personal communication, D. Quinn, U.S. Fish and Wildlife Service, 2001). An alternative 
style offish passageway, the Alaskan steep, has lower unit costs of$33,000 per vertical meter, 
but is not suited for many locations. Therefore, its costs were not used to develop implementation 
unit cost estimates. While all parties contacted noted that fish passageway costs are extremely 
sensitive to local conditions, this HRC valuation uses the estimate of$513,750 as its basic 
implementation unit cost for installing an anadromous fish passage, assuming the characteristics 
of the four sites on the Blackstone River are representative of the conditions that would be found 
at other suitable locations for new passageways. 
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4.7.4.2 Maintenan<:e and monitoring costs 

Maintenance requirements for the Denil fish passageway are minimal and generally consist of periodic site visits to remove any obstructions, typically with a rake or pole (personal 
communication, D. Quinn, U.S. Fish and Wildlife Service, 2001). Denil passageways located in Maine are still functioning after 40 years, so no replacement costs were considered as part of the maintenance for the structure. Monitoring a fish passageway consists of installing a fish counting monitor and retrieving its data. 

A new fish passageway would be visited three times a week during periods of migration (personal communication, D. Quinn, U.S. Fish and Wildlife Service, 2001). Each site visit would require 2 hours of cumulative time during 8 weeks of migration. Volunteer labor costs $1 5/hr. Therefore, the annual cost for labor in the first year would be $740. The cost of a fish counter is $5,512, based on the average price of two fish counters listed by the Smith-Root Company (Smith-Root, 2001). 

4. 7 .4.3 Total fish passageway unit costs 

Combining the costs for implementation, maintenance, and monitoring of an anadromous fish passageway with the annual price inflation (3%) and the interest earned on balances carried over (5.16%), the cost of a single new Denil type fish passageway is $526,000. 

4.7.5 Unit Costs for Water Quality Improvements/Reductions in Fishing Pressure 

Because increased fish production from water quality improvements or reduced fishing pressure was not calculated, unit costs were not determined for this restoration option. However, examples of water quality improvement projects were summarized to provide a sense of the potential magnitude of costs. The costs of a commercial boat buyback program to reduce fishing pressure on various Northeast groundfish stocks were also summarized. The cost summaries are presented in the following subsections. 

4.7.5.1 Cost information from a select set of water quality improvement projects 

Table 4-46 provides infonnation from several water quality improvement projects in coastal areas between Massachusetts Bay and Naragansett Bay that address nutrient and bacterial pollution resulting from sanitary waste and other anthropogenic somces. Table 4-46 also shows a wide range of water quality projects involving a wide range of water quality impacts. These projects represent only a few of the projects that could improve water quality in the waters from Massachusetts Bay to Naragansett Bay. Existing project proposals could easily cost billions of dollars. 
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Table 4-46. Examples of nonpoi.Dt souree pollution restoration projects in Massachusetts. 

Project Location Goals Tasks 

Combined sewer Naragansett Bay, Treatment of -2.2 billion gallons Construct 6 miles of underground storage tunnels, two 

overflow (CSO) Providence, of waste that are discharged sedimentation/disinfection treatment facilities, one wetland 

upgrade• Pawtucket, and untreated into the bay each year treatment system, and sewer separation of 12 areas. 

Central Falls, RI from the combined sewer 

Septic system 
improvements" 

Storm water 
treatment" 

Bluefish River, 
Duxbwy,MA 

Onset Bay, 
Wareham, MA 

Treatment of road Three Bay 
runoff Area/Ropes 

Storm water 
treatment" 

Beach, Barstable, 
MA 

First Herring 
Brook, Scituate, 
MA 

Parking lot runoff Shaw's Plaza. 
treatment" Sharon, MA 

a. NBC, 2001. 

overflows. 
Opened soft-shelled calm beds Connected septic systems from 3 historic homes and 

over approximately one-half t 9 commercial properties on the river to a centralized leach 

mile of the river to shelltishing. field outside of the river basin. 

Part of a series of water quality Design and construct storm water remediation best management 

improvement projects aimed at practices (BMPs) for four stormwater outfalls. Develop a 

upgrading seasonally closed quality assurance plan and perform pre- and post-construction 

shellfishing areas and reducing water quality monitoring. Conduct public outreach programs 

discharges along public beaches. and workshops. 

Protection of Cotuit Bay, a Design and install sediment removal tanks, an infiltration 

shellfishing area, and gateway to system, and a series of rock filled pools and channels to remove 

two anadromous fish runs, from sediment bacteria and nitrogen from road runoff contributing to 

nutrient and sediment loading. contamination of Cotuit Bay. Develop a quality assurance plan 

Protect a pond that supplies the 
town's water supply from 
contamination. 

Improve water quality in 
Billing's Brook and in nearby 
wetlands and public water 
supply wells. 

and conduct monitoring. Conduct a technology transfer 

presentation. 
Disconnect 9 storm water discharges in a highly developed area 

and install infiltration BMPs. Develop a quality assurance plan 

and conduct monitoring. Make system design to other local 

developers. 
Develop and implement stormwater BMPs, including a 

drainage system with an oiVgas separator catch basin and 

infiltrations. Develop a maintenance program to ensure that it 

functions properly. Initiate a public education program on the 

potential impacts of pollution from runoff from roads and 

parking lots. 

b. Personal communication, Joe Grady, Town of Duxbury, 12/07/01. 

c. MADEP 2000. 

J 
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$800,000 

$218,000 

$157,050 

$129,300 

$48,000 
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4.7.5.2 Cost information for commercial boat buyback program 

A demonstration of a commercial boat buyback program was conducted in the Northeast 
groundfish fishery. Permit-holding boat owners were asked to submit a price at which they would 
be willing to retire their vessel from fishing and relinquish all their existing fishing permits (Kitts 
and Thunberg, 1998). These bids were then ranked in ascending order based on the ratio of their 
bid to the groundfish revenue from reported landings by the boat to maximize the impact of the 
program (i.e., remove the productive boats first). 

From June 1995 through May 1998, 79 boats were bought out and retired from commercial 
fishing at an average price of roughly $309,000, with a range from $50,000 to $1.1 million (Kitts 
and Thunberg, 1998). On average, permits that allocated 152.9 days at sea per boat, although the 
average boat was only using 111.8 of these days (Kitts and Thunberg, 1998). The impact of this 
program on increased production was not quantified. 

4.8 Total Cost Estimation 

The eighth and final step in the HRC valuation is to estimate the total cost for the preferred 
restoration alternatives by multiplying the required scale of implementation for each restoration 
alternative by the complete unit cost for that alternative. The cost of each restoration alternative 
was sufficient to offset the I&E losses of all Pilgrim species that benefit most from that 
alternative (i.e., each restoration type was sufficient to offset the single species with the greatest· 
restoration need for that preferred restoration; however, the restoration needs of all species 
preferring that habitat were not summed because the same habitat benefits each of the species 
simultaneously). The costs of each restoration program were then summed to determine the total 
HRC necessary to offset all Pilgrim losses (i.e., multiple restoration programs were reqUired to 
benefit the diverse species lost at Pilgrim). 

The total HRC estimates for the Pilgrim facility are provided in Table 4-47, along with the 
species requiring the greatest level of implementation of each restoration alternative to offset 
I&E losses. The scale of implementation, unit costs, and total costs in this table have been 
rounded to two significant digits to avoid false precision. Resulting total costs also carry two 
significant digits. These costs can be converted to annualized values by specifying a time period 
and interest rate. 
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Table 4-47. Total HRC estimates for Pilgrim I&E losses. 

Species requirillg the greatest level of 
restoratlou iml!lemeatation 

Preferred Average aunuaii&E Required ualts of Uaits of measure for 

restoration loss ofage-l restoratioa preferred restoration 

alteraatlve s.-les equivaleats lmplemeatatioa alteraatlve Unit cost Total cost 

Improve water Fourbeard rockling 411,191 N/A NIA N/A N/A 

quality/reduce 
Blue mussel 159 billion 

fishing pressure N/A N/A N/A N/A 

Install fish Alewife 4,343 0.49 new fish passageway $530,000 $530,000"' 

passageways 

Create artificial Cunner 993,911 180,000 m2 of reef surface area $310 $56,000,000 

reefs 

Restore SAV Atlantic cod 2,439 2,500 100 m2 of directly $14,000 $35,000,000 
revegetated substrate 

Restore tidal Winter flounder 210,715 2,400,000 m2 of restored tidal wetland $19 $46,000,000 

wetland 

TotaiHRC $140,000,000 

a Anadromous fish passageways must be implemented in whole units, and increased production data are lacking for most affected anadromous 

species. Therefore, one new passageway was assumed to be warranted. 

.. J J 
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4.9 Conclusions 

HRC analyses indicate that the present value of minimizing I&E at the Pilgrim CWIS is at least 
$140 million. This value is significantly greater than the $6-7 million (7% interest rate, in perpetuity) of foregone recreational and commercial fishing calculated in the Pilgrim case study 
for EPA's Section 316(b) rule. Recreational and commercial fishing values are lower primarily 
because they include only a small subset of species, life stages, and human use services that can 
be linked to fishing. In contrast, the HRC valuation is capable of valuing all species and life 
stages, and inherently addresses all of the ecological and public services derived from organisms included in the analyses, even when the services are difficult to measure or poorly understood. 
However, data gaps, time constraints, and budgetary constraints prevented this HRC valuation 
from addressing most of the aquatic organisms lost to I&E at the Pilgrim facility. In particular, 
annual losses of 160 billion blue mussels and 460,000 fish comprising 13 species were not included in this HRC valuation, even though water quality improvements are feasible, cost
effective, and most likely able to offset some or all of the I&E losses of these species at Pilgrim. In addition, data gaps for species that were included in the HRC valuation forced many 
conservative assumptions that most likely underestimated the cost of fully offsetting many l&E losses. 

In addition to broadening the species, life stages, and services valued, the Pilgrim HRC valuation provides a roadmap for mitigating I&E losses residual to permitted technologies, and for 
improving the HRC analyses by closing critical data gaps through effective monitoring. Many of the species experiencing I&E losses at Pilgrim can benefit from tidal wetland, SA V, reef, and 
fish passage restorations. Careful monitoring of increased production of target species at 
restoration sites would improve the Pilgrim HRC valuation, and would make HRC valuations at other sites more reliable. Further. HRC restoration monitoring needs align public, Agency, and 
facility motives. Effective restorations with reliable data can broaden the Agency's analyses of public losses. Effective restorations with reliable data can increase the production of fish per 
restoration dollar spent by a facility. The public benefits both from additional BTA options 
justified by more comprehensive valuation and from effective restorations in the natural 
environment. 

4-85 
SCI0026 



References 
Able, K.W. and M.P. Fahay. 1998. The First Year in the Life of Estuaries Fishes in the Middle 
Atlantic Bight. Rutgers University Press, New Brunswick, NJ. 

Abraham, B.J. 1985. Species Profiles: Life Histories and Environmental Requirements of Coastal 
Fishes and Invertebrates (Mid-Atlantic) Mummichog and Striped Killifish. Biological Report 
82(11.40). 

Anderson, E. 1995. Atlantic mackerel. In Status of the Fishery Resources off the Northeastern 
United States for 1994. NOAA Technical Memorandum NMFS-NE-108. pp. 100-101. 

Annenberg!CBP. 2001. Stellwagen's most important bait fish. 
www.leamer.org/jnorth!Spring200 l/specieslhwhale!Update04250 1.html. Photo courtesy of Anne 
Smrcina, Stellwagen National Marine Society. Accessed January 30,2002. 

ASMFC. 2000. Interstate fisheries management program. Atlantic States Marine Fisheries 
Commission. http://www.asmfc.org/Serv.02.html. Accessed November 17,2000. 

ASMFC. 2001. Interstate fisheries management program. Atlantic States Marine Fisheries 
Commission. http://www.asmfc.org/Serv.02.html. Accessed February 12,2001. 

Auster, P.J. and L.L. Stewart. 1986. Species Profiles: Life Histories and Environmental 
Requirements of Coastal Fishes and Invertebrates (North Atlantic) Sand Lance. Biological 
Report 82(11.66). 

Auster, P.J. 1989. Species Profiles: Life Histories and Environmental Requirements of Coastal 
Fishes and Invertebrates (North and Mid-Atlantic) Tautog and Cunner. Biological Report 
82( 11.1 05). 

Beck, S. 1995. White perch. In Living Resources of the Delaware Estuary, L.E. Dove and 
R.M. Nyman (eds.). The Delaware Estuary Program, pp. 235-243. 

Bigelow, H.B. and W.C. Schroeder. 1953. Fishes of the Gulf of Maine. U.S. Government 
Printing Office, Washington, DC. 

Boschker, E. 2001. Pictures ofSaltmarshes and Seagrass Beds 
http://www.nioo.knaw.nllhomepageslboschker/PicturesEB.htm. Accessed November 20,2001 

Boston Edison Company. 1991. Marine Ecology Studies Related to Operation of Pilgrim Station. 
Semi-Annual Report Number 37, January 1990-December 1990. April 30. 

SCI0026 



Stratus Consulting (2/5/02) 

Boston Edison Company. 1992. Marine Ecology Studies Related to Operation of Pilgrim Station. 

Semi-Annual Report Number 39, January 1991-December 1991. April30. 

Boston Edison Company. 1993. Marine Ecology Studies Related to Operation of Pilgrim Station. 

Semi-Annual Report Number 41, January 1992-December 1992. April 30. 

Boston Edison Company. 1994. Marine Ecology Studies Related to Operation of Pilgrim Station. 

Semi-Annual Report Number 43, January 1993-December 1993. April 30. 

Boston Edison Company. 1995a. Marine Ecology Studies Related to Operation of Pilgrim 

Station. Semi-Annual Report Number 45, January 1994-December 1994. April 30. 

Boston Edison Company. 1995b. Marine Ecology Studies Related to Operation of Pilgrim 

Station. Semi-Annual Report Number 46, January 1995-June 1995. October 31. 

Boston Edison Company. 1996. Marine Ecology Studies Related to Operation of Pilgrim Station. 

Semi-Annual Report Number 47. January 1995-December 1995. April 30. 

Boston Edison Company. 1997. Marine Ecology Studies Related to Operation of Pilgrim Station. 

Semi-Annual Report Number 49, January 1 996-December 1996. April 30. 

Boston Edison Company. 1998. Marine Ecology Studies Related to Operation of Pilgrim Station. 

Semi-Annual Report Number 51, January 1997-December 1997. April30. 

Boston Edison Company. 1999. Marine Ecology Studies Related to Operation ofPilgrim Station. 

Semi-Annual Report Number 53, January 1998-December 1998. April 30. 

Broome, S.W. and C.B. Craft. 2000. Tidal salt marsh restoration, creation, and mitigation. 

Chapter 37 in Reclamation of Drastically Disturbed Lands. American Society of Agronomy, 

Madison, WI. 

Buckley, J. 1989a. Species Profiles: Life Histories and Envirorunental Requirements of Coastal 

Fishes and Invertebrates (North Atlantic) Rainbow Smelt. Biological Report 82(11.106). 

Buckley, J. 1989b. Species Profiles: Life Histories and Envirorunental Requirements of Coastal 

Fishes and Invertebrates (North Atlantic): Winter Flounder. Biological Report 82(11.87). 

U.S. Fish and Wildlife Service. January. 

Buzzards Bay Project National Estuary Program. 2001. Atlas of Tidally Restricted Salt Marshes: 

Buzzards Bay Watershed, Massachusetts. Draft Final. Prepared for Massachusetts Wetlands 

Restoration Program, Boston, MA and Massachusetts Environmental Trust. January. 

R-2 
SCI0026 

...., 



Stratus Consulting (2/S/02) 

Cargnelli, L.M., S.J. Griesbach, D.B. Packer, P.L. Berrien, D.L. Johnson, and W.W. Morse. 
1999. Essential Fish Habitat Source Document: Pollock, Pol/achius virens, Life History and 
Habitat Characteristics. NOAA Technical Memorandum NMFS-NE-131. September. 
http://www.nefsc.nmfs.gov/nefsc/publications/. Accessed August 28, 2001 . 

Castro, K.M., J.S. Cobb, R.A. Wahle, and J. Catena. In Press. Habitat addition and stock 
enhancement for American lobsters, Homarus americanus. Marine and Freshwater Research. 

Castro, L.R. and R.K. Cowen. 1991. Environmental factors affecting the early life history of bay 
anchovy Anchoa mitchi/li in Great South Bay, New York. Marine Ecology Progress Series 
76:235-247. 

Chang, S., P.L. Berrien, D.L. Johnson, and W.W. Morse. 1999. Essential Fish Habitat Source 
Document: Windowpane, Scophthalmus aquosus, Life History and Habitat Characteristics. 
NOAA Technical Memorandum NMFS-NE-137. September. 
http://www.nefsc.nmfs.gov/nefsc/publications/. Accessed August 28, 2001. 

Conkling, P.W. (ed.). 1995. From Cape Cod to the Bay of Fundy: An Environmental Atlas ofthe 
Gulf of Maine. MIT Press, Cambridge, MA. 

Cross, J.N., C.A. Zetlin, P.L. Berrien, D.L. Johnson, and C. McBride. 1999. Essential Fish 
Habitat Source Document: Butterfish, Peprilus triacanthus, Life History and Habitat 
Characteristics. NOAA Technical Memorandum NMFS-NE-145. September. 

CZM. 1994. The Coastal Nonpoint Source Pollution Control Program in Massachusetts: Coastal 
BriefVolume No. 12. Massachusetts Office of Coastal Zone Management. 
http://www.state.ma.us/czm/npstoc.htrn. Accessed November 15,2001. 

Dew, C.B. 1976. A contribution to the life history of the cunner, Tautogo/abrus adspersus, in 
Fishers Island Sound, Connecticut. Chesapeake Science 17(2): 101-113. 

Dietrich, C.S. 1979. Fecundity of the Atlantic menhaden, Brevoortia tyrannus. Fishery Bulletin 
77(1):308-311. 

Dionne, M., F.T. Short, and D. M. Burdick. 1999. Fish utilization of restored, created, and 
reference salt-marsh habitat in the Gulf of Maine. In Fish HabitaJ.· Essential Fish Habitat and 
Rehabilitation. American Fisheries Society, Bethe~ MD, pp. 384-404. 

Dovel, W.L. 1971. Fish Eggs and Larvae of the Upper Chesapeake Bay., NRI Special Report 
No. 4. Contribution No. 460, Natural Resources Institute, University of¥aryland. 

Doyle, M.G. 1977. A morphological staging system for the larval development of the herring, 
C/upea harengus L. Journal of the Marine Biological Association of the U.K. 57:859-867. 

R-3 
SCI0026 



Stratus Consulting (2/5/02) 

EHP. 2001. Estuarian Habitat Program. 
http://www.cop.noaa.gov/Historical/ehp.htm#MASSACHUSEITS. Accessed November 15, 

2001. 

ENSR. 2000. Redacted Version 316 Demonstration Report- Pilgrim Nuclear Power Station. 

Prepared for Entergy Nuclear Generation Company. 

Entergy Nuclear Generation Company. 2000. Marine Ecology Studies Related to Operation of 

Pilgrim Station. Semi-Annual Report Number 55, January 1999-December 1999. 

EPRl. 1999. Catalog of Assessment Methods for Evaluating the Effects of Power Plant 

Operations on Aquatic Communities. Final Report, TR-112013. Electric Power Research 

Institute. 

Fahay, M.P., P.L. Berrien, D.L. Johnson, and W.M. Morse. 1999a. Essential Fish Habitat Source 

Document: Atlantic Cod, Gadus morhua, Life History and Habitat Characteristics. NOAA 

Technical Memorandum NMFS-NE-124. September. 
http://www.nefsc.nmfs.gov/nefsc/habitat/efh/. Accessed August 28, 2001. 

Fahay, M.P., P.L. Berrien, D.L. Johnson, and W.W. Morse. 1999b. Essential Fish Habitat Source 

Document: Bluefish, Pomatomus sa/tatrix, Life History and Habitat Characteristics. NOAA 

Technical Memorandum NMFS-NE-144. September. 

http://www.nefsc.nmfs.gov/nefsc/publications/. Accessed June 20,2001. 

Fay, C.W., R.J. Neves, and G.B. Pardue. 1983a. Species Profiles: Life Histories and 

Environmental Requirements of Coastal Fishes and Invertebrates (Mid-Atlantic) Atlantic 

Silverside. FWS/OBS-82/11.10. Prepared for the U.S. Fish and Wildlife Service. 

Fay, C.W., R.J. Neves, and G.B, Pardue. 1983b. Species Profiles: Life Histories and 

Environmental Requirements of Coastal Fishes and Invertebrates (Mid-Atlantic): Alewife I 

Blueback Herring. FWS/OBS-82/11.9. Prepared for U.S. Fish and Wildlife Service. October. 

Fay, C.W., R.J. Neves, and G.B. Pardue. 1983c. Species Profiles: Life Histories and 

Environmental Requirements of Coastal Fishes and Invertebrates (Mid-Atlantic): Striped Bass. 

FWS/OBS-82/11.8. Prepared for U.S. Fish and Wildlife Service. October. 

Fell, P.E., R.S. Warren, and W.A. Niering. 2000. Restoration of salt and brackish tidelands in 

southern New England. In Concepts and Controversies in Tidal Marsh Ecology. M.P. Weinstein 

and D.A. Kreeger (eds.). Kluwer Academic Publishers, Boston, MA, pp. 845-858. 

Finkel, A.M. 1990. Confronting Uncertainty in Risk Management. Center for Risk Management,. 

Resources for the Future, Washington, DC. 

R-4 
SCI0026 



Stratus Consulting (2/S/02) 

Fisher, A. and R. Raucher. 1984. Intrinsic benefits of improved water quality: Conceptual and 
empirical perspectives. Advances in Applied Micro-Economics 3:37-66. 

Fonseca, M.S. 1992. Restoring seagrass systems in the United States. In Restoring the Nation 's 
Marine Environment, G.W. Thayer (ed.). Maryland Sea Grant College, College Park. MD, 
pp. 79-109. 

Foster, K.L., F.W. Steimle, W.C. Muir, R.K. Kropp, and B.E. Conlin. 1994. Mitigation potential 
of habitat replacement: Concrete artificial reef in Delaware Bay - Preliminary results. Bulletin 
of Marine Science 55(2-3):783-795. 

Fraser, S., V. Gotceitas, and J .A. Brown. 1996. Interactions between age-classes of Atlantic cod 
and their distribution among bottom substrates. Canadian Journal of Fisheries and Aquatic 
Science 53:305-314. 

Froese, R. and D. Pauly (eds.). 2000. FishBase 2000: Concepts, Design and Data Sources and 
CD-ROM Database. ICLARM (International Center for Living Aquatic Resources Management), 
Los Banos, Laguna, Philippines. 

Goodyear, C.P. 1978. Entrainment Impact Estimates Using the Equivalent Adult Approach. 
Prepared by U.S. Fish and Wildlife Service. July. 

Gotceitas, V., S. Fraser, and J.A. Brown. 1997. Use of eelgrass beds (Zostera marina) by 
juvenile Atlantic cod (Gadus morhua). Canadian Journal of Fisheries and Aquatic Science 
54:1306-1319. 

Gottholm, B.W. and D.D. Turgeon. 1992. Toxic Contaminants in the Gulf of Maine. National 
Status and Trends Program for Marine Environmental Quality, NOAA. 

Grant, S.M. and J.A. Brown. 1998. Diet foraging cycles and interactions amongjuvenile Atlantic 
cod (Gadus morhua) at a nearshore site in Newfoundland. Canadian Journal of Fisheries and 
Aquatic Science 55(6): 1307-1316. 

Hall, W .R. 1995. Atlantic menhaden. In Living Resources of the Delaware Estuary, L.E. Dove 
and R.M. Nyman (eds.). The Delaware Estuary Program, pp. 219-225. 

Hardy, J.D. 1978. Morone saxatilis (Walbaum), striped bass. In Development of Fishes of the 
Mid-Atlantic Bight: An Atlas of Egg, Larval and Juvenile Stages. Volume lll: Acipenseridae 
through Ictaluridae. FWS/OBS-78112. January. U.S. Fish and Wildlife Service, pp. 86-105. 

Hawkins, C.M. 1994. Environmental habitat quality requirements/guidelines for the blue mussel 
Myti/us edulis. March 21. http://people.kayhay.com/shelburnelmytilus.htm. Accessed 
November 28, 2000. · 

R-5 
SCI0026 



Stratus Consulting (2/5/02) 

Heck, K.L., K.W. Able, M.P. Fahay, and C.T. Roman. 1989. Fishes and decapod crustaceans of 

Cape Cod eelgrass meadows: Species composition, seasonal abundance patterns and comparison 

with unvegetated substrates. Estuaries 12(2):59-65. 

Hendrickson, L. 2000. Windowpane flounder. NOAA. 

http://www.nefsc.nmfs.gov/sos/spsyn/fldrs/window. Accessed November 15, 2001. 

Hilborn, R. 1992. Hatcheries and the future of salmon in the Northwest. Fisheries 17:5-8. 

Hill, J., J.W. Evans, and M.J. Van Den Avyle. 1989. Species Profiles: Life Histories and 

Environmental Requirements of Coastal Fishes and Invertebrates (South Atlantic): Striped Bass. 

U.S. Fish and Wildlife Service Biological Report 82(11.118). 

Holmlund, C.M., and M. Hammer. 1999. Ecosystem services generated by fish populations. 

Ecological Economics 29:253-268. 

Horst, T.J. 1975. The Assessment oflmpact due to Entrainment oflchthyoplankton. Fisheries 

and Energy Production Symposium. 

Howe, A.B. and P.G. Coates. 1975. Winter flounder movements, growth, and mortality off 

Massachusetts. Transactions of the American Fisheries Society 104:13-29. 

Hughes, J.E., L.A. Deegan, J.C. Wyda, and A. Wright. 2000. An Index of Biotic Integrity Based 

on Fish Community Structure Applied to Rhode Island and Connecticut Estuaries. The 

Ecosystems Center, Marine Biological Laboratory, Woods Hole, MA. 

Interagency Committee for Outdoor Recreation. 2001. http://boat.iac.wa.gov/shellfish.htm. 

Accessed December 200 1. 

Jackson, H.W. and R.E. Tiller. 1952. Preliminary Observations on Spawning Potential in the 

Striped Bass. Chesapeake Biological Laboratory Publication No. 93. Maryland Board of Natural 

Resources Department of Research and Education, Solomons Island, MD. 

Johnson, D.L., P.L. Berrien, W.W. Morse, and J.J. Vitaliano. 1999a. Essential Fish Habitat 

Source Document: American Plaice, Hippoglosoides platessoides, Life History and Habitat 

Characteristics. NOAA Technical Memorandum NMFS-NE-123. September. 

http://www.nefsc.nmfs.gov/nefsclpublications/. Accessed August 28, 2001. 

Johnson, D.L., W.W. Morse, P.L. Berrien, and J.J. Vitaliano. 1999b. Essential Fish Habitat 

Source Document: Yellowtail Flounder, Limanda ferruginea, Life History and Habitat 

Characteristics. NOAA Technical Memorandum NMFS-NE-140. September. 

http://www.nefsc.nmfs.gov/nefsc/publications/. Accessed August 28,2001. 

R-6 
SCI0026 

..., 



Stratus Consulting (2/S/O:Z) 

Jones, P.W., F.D. Martin, and J.D. Hardy. 1978. Alosa aestivalis (Mitchill), Blueback herring. In 
Development of Fishes of the Mid-Atlantic Bight: An Atlas of Egg, Larval and Juvenile Stages. 
Volume I: Acipenseridae through lctaluridae. FWS/OBS-78/12. January. U.S. Fish and Wildlife 
Service, pp. 77-83. 

Jones, C. 1985. Within-season differences in growth of larval Atlantic herring, C/upea harengus 
harengus. Fishery Bulletin 83(3):289-298. 

Jordan, F., S. Coyne, and J.C. Trexler. 1997. Sampling fishes in vegetated habitats: effects of 
habitat structure on sampling characteristics of the 1-m2 throw trap. Transactions of the 
American Fisheries Society 126: I 012-1020. 

Jude, D.J., F.J. Tesar, S.F. Deboe, and T.J. Miller. 1987. Diet and selection of major prey species 
by Lake Michigan salmonines, 1973-1982. Transactions of I he American Fisheries Society 
116(5):677-691. 

Jury, S.H., J.D. Field, S.L. Stone, D.M. Nelson, and M.E. Monaco. 1994. Distribution and 
Abundance of Fishes and Invertebrates in North Atlantic Estuaries. ELMR Report Number 13. 
NOAA/NOS Strategic Environmental Assessments Division, Silver Spring, MD. 

Kaiser, S.C. and M.J. Neuman. 1995. In Living Resources of the Delaware Estuary, L.E. Dove 
and R.M. Nyman, (eds.). The Delaware Estuary Program, pp.183-189. 

Kelly, K.H. and J.R. Moring. 1986. Species Profiles: Life Histories and Environmental 
Requirements of Coastal Fishes and Invertebrates (North Atlantic) Atlantic Herring. Biological 
Report 82(11.38). 

Kelly, B., R. Lawton, V. Malkoski, S. Correia, and M. Borgatti. 1992. Pilgrim Nuclear Power 
Station Marine Environmental Monitoring Program Report Series No. 6. Final Report on Haul
Seine Survey and Impact Assessment ofPilgrim Station on Shore-Zone Fishes, 1981-1991. 
Prepared by the Department of Fisheries, Wildlife, and Environmental Law Enforcement, 
Massachusetts Divisi~n of Marine Fisheries for Boston Edison Company. December 30. 

Kitts, A. and E. Thunberg. 1998. Description and Impacts of Northeast Groundfish Fishery 
Buyout Programs. Northeast Fisheries Science Center Reference Document 98-12. November. 

Kjesbu, O.S. 1989. The spawning activity of cod, Gadus morhua L. Journal of Fish Biology 
34:195-206. 

R-7 
SC10026 



Stratus Consulting (2/5/02) 

Laney, R. W. 1997. The relationship of submerged aquatic vegetation (SA V) ecological value to 
species managed by the Atlantic States Marine Fisheries Commission (ASMFC): Summary for 
the ASMFC SA V subcommittee. In Atlantic Coastal Submerged Aquatic Vegetation: A Review 
ofits Ecological Role, Anthropogenic Impacts, State Regulation, and Value to Atlantic Coastal 
Fish Stocks, C.E. Stephen and T.E. Bigford (eds.). ASMFC Habitat Management Series #1, 
Atlantic States Marine Fisheries Commission. 

Lawton, R., B. Kelly, P. Nitschke, J. Boardman, and V. Malkoski. 2000. Final Report: Studies 
( 1990-1 997) and Impact Assessment of Pilgrim Station on Cunner in Western Cape Cod Bay. 
Prepared by Massachusetts Department of Fisheries, Wildlife, and Environmental Law 
Enforcement. January. 

Lough, R.G. and D.C. Potter. 1993. Vertical distribution patterns and diel migrations of larval 
and juvenile haddock Melanogrammus aeg/efinus and Atlantic cod Gadus morhua on Georges 
Bank. Fishery Bulletin 91:281-303. 

MADEP. 2000. Selected Federal and State Grant Funded Indicative Project Summaries: FFY 
1996-2000. Massachusetts Department of Environmental Protection. January 2000. 

Maine Division of Marine Resources. 2001. "Do you know your catch?" 
http://www.state.me.us/dmr/recreational/fishes/cunner.htm. Accessed December 10, 2001 . 

Manomet Center for Conservation Sciences. 2001. Southeastern Massachusetts Natural Resource 
Atlas. March 2001. http://www.manomet.org/semasslatlas.html. Accessed November 29, 2001. 

Mansueti, R.J. and E.H. Hollis. 1963. Striped Bass in Maryland Tidewater. Prepared by the 
Natural Resources Institute of the University ofMary1and, Baltimore. 

MAPC. 2001. Atlas of Tidal Restrictions on the South Shore of Massachusetts. Prepared by 
Metropolitan Area Planning Council for the Massachusetts Wetlands Restoration Program, 
Boston. June 20. 

Maryland DNR. 2001. Striped killifish and silverside. http://www.dnr.state.md.uslbay/cblife/fish. 
Accessed December 2001. 

Massachusetts Audubon Society. 2001. Important Bird Area - Duxbury. 
http://www .massaudubon.org/Birds _ & _ Beyond/IBNsites/iba _duxbury .html. Accessed 
November 29,2001. 

McBride, R.S. 1995. Marine forage fish. In Living Resources of the Delaware Estuary, 
L.E. Dove and R. M. Nyman (eds.). The Delaware Estuary Program, pp. 211-215. 

R-8 
SC10026 



Stratus Consulting (2/S/02) 

Meffe, O.K. 1992. Techno-arrogance and halfway technologies: Salmon hatcheries on the Pacific 
Coast of North America. Conservation Biology 6:350-354. 

Miller, R.W. 1995. Striped bass. In Living Resources of the Delaware Estuary, L.E. Dove and 
R.M. Nyman (eds.). The Delaware Estuary Program, pp. 135-141. 

MIT. 2000. Marine Bio Invaders. MIT Sea Grant. http://massbay.mit.edu. Accessed 
November 19, 2001. 

Mitsch, W. J. and J. G. Gosselink. 1993. Wetlands, 2nd ed. John Wiley & Sons, New York. 

Morse, W.M., D.L. Johnson, P.L. Berrien, and S.J. Wilk. 1999. Essential Fish Habitat Source 
Document: Silver Hake, Merluccius bilinearis, Life History and Habitat Characteristics. NOAA 

. Technical Memorandum NMFS-NE-135. September. 
http://www.nefsc.runfs.gov/nefsc/habitat/efhl. Accessed August 28, 2001. 

Morton, T. 1989. Species Profiles: Life Histories and Environmental Requirements of Coastal 
Fishes and Invertebrates (Mid-Atlantic): Bay Anchovy. U.S. Fish and Wildlife Service Biological 
Report 82(11.97). 

NASA. 2001. Overfishing. 
http://seawifs.gsfc.nasa.gov/OCEAN _ PLANET/HTMUperil_ overfishing.html. Accessed 
December 2001. 

NBC. 2001. Narragansett Bay: An Introduction. Narragansett Bay Commission. 
http:/ /narrabay .com. Accessed October 16, 2001. 

Neckles, H. and M. Dionne (eds.). 1999. Regional Standards to Identify and Evaluate Tidal 
Wetland Restoration in the Gulf of Maine: A GPAC Workshop, June 2-3. Prepared for the 
Global Programme of Action Coalition for the Gulf of Maine (GPAC) and the Commission for 
Environmental Cooperation. The Wells National Estuaries Research Reserve, Wells, ME. 

New England Power Company and Marine Research Inc. 1995. Brayton Point Station Annual 
Biological and Hydrological Report, January-December 1994. August. 

New York Sportfishing and Aquatic Resources Education Program. 2001. Selected fishes of New 
York State. www.dnr.cornell.edu/sarep/fish/fish.html. Accessed September 19,2001. 

Newell, R.I.E. 1989. Species Profiles: Life Histories and Environmental Requirements of Coastal 
Fishes and Invertebrates (North and Mid-Atlantic) Blue Mussel. Biological Report 82(11.102). 

R-9 
SCI0026 



Stratus Consulting (2/5/02) 

Newfoundland and Labrador Fisheries and Aquaculture. 2001 . Fisheries and Aquaculture: 

Groundfish. http://www.gov.nf.ca/fishaq/Species/Groundfish/CompleteList.htm. Accessed 

December 2001. 

NHESP. 2001. Natural Heritage & Endangered Species Program. 
http://www.state.ma.us/dfwele/dfw/nhesp/towno _p.htm. Accessed November 30, 2001. 

NMFS. 2001. Fisheries Statistics and Economics. National Marine Fisheries Service. 
http://www.st.nmfs.gov. Accessed December 5, 2001. 

NOAA Coastal Service Center. 2001. Bay anchovy. 
http://www.csc.noaa.gov/acebasirVspecgallbayanch.htm. Accessed October I, 2001. 

NOAA. 200la. NOAA Chesapeake Bay Office Species Information. 
http://noaa.chesapeakebay .net/fisheries/species.htm. Accessed December 2001 . 

NOAA. 200lb. NOAA Northeast Fisheries Science Center. http://www.nefsc.nmfs.gov. 
Accessed January 30, 2001. 

NOAA. 200Ic. NOAA Northeast Fisheries Science Center. 
http://www.nefsc.nmfs.gov/faq/fishfaq2.html. Accessed December 2001. 

NOAA 2001d. Fish FAQ. http://www.graysreef.nos.noaa.gov/fishguide/Group2/Group2.html. 

Accessed November 2000. 

North American Native Fisheries Association. 2001. Hogchocker, Trinctes macu/atus. 
http://www.nanfa.org/akilhogchok.htm. Accessed December 2001. 

Olla, B.L., A.J. Bejda, and A.D. Martin. 1979. Seasonal dispersal and habitat selection of cunner, 

Tautogolabrus adspersus, and young tautog, Tautoga onitis, in Fire Island Inlet, Long Island, 

New York. Fishery Bulletin 77(1):255-261. 

Olla, B.L., A.J. Bejda, and A.D. Martin. 1975. Activity, movements, and feeding behavior of the 

cunner, Tautogolabrus adspersus, and comparison of food habits with young tau tog, Tautog 

onitis, off Long Island, New York. Fishery Bulletin 73(4):895-900. 

Peacock, B. 1999. Habitat Equivalency Analysis: Conceptual Background and Hypothetical 

Example. National Park Service Report. April 30. 

Peterson, C.H. and J. Lubchenco. 1997. Marine ecosystem services. In Nature's Services, 

Societal Dependence on Natural Ecosystems, G.C. Daily (ed.). Island Press, Washington. DC, 

pp. 177-194. 

R-IO 
SCJ0026 

- , 



Stratus Consulting (2/5/02) 

PG&E Generating and Marine Research Inc. 1999. 1998 Arumal Report, Brayton Point Station, 
Somerset, Massachusetts. September. 

Pollock, J. 2001. Jeffery Pollock for Congress: Dam Issues. 
http://www.pollock4congress.com/issuesldam.html. Accessed November 21,2001. 

Postel, S., and S. Carpenter. 1997. Freshwater ecosystem services. In Nature's Services, Societal 
Dependence on Natural Ecosystems, G.C. Daily (ed.).lsland Press, Washington, DC, · 
pp. 195-214. 

Pottem, G.B., M.T. Huish, and J.H. Kerby. 1989. Species Profiles: Life Histories and 
Environmental Requirements of Coastal Fishes and Invertebrates (Mid-Atlantic) Bluefish., 
Bi~logical Report 82(1 1.94). 

Pottle, R.A. and J.M. Green. 1979. Field observations on the reproductive behaviour of the 
cunner, Tautogolabrus adspersus (Walbaum), in Newfoundland. Canadian Journal of Zoology 
57:247-256. 

Quinn, T.J., II. and R.B. Deriso. 1999. Quantitative Fish Dynamics. Oxford University Press, 
Oxford and New York. 

Raposa, K.B. In press. Early responses of fishes and crustaceans to restoration of a tidally 
· restricted New England salt marsh. Restoration Ecology. 

Ricker, W.E. 1975. Computation and Interpretation of Biological Statistics ofFish Populations. 
Bulletin of the Fisheries Research Board of Canada No. 191. 

Rogers, B.A., D.T. Westin, and S.B. Saila. 1977. Life Stage Duration Studies on Hudson River 
Striped Bass. University of Rhode Island Marine Technical Report No. 31. 

Roman, C.T., K.B. Raposa, S.C. Adamowicz, M.-J. James-Pirri, and J.G. Catena. Quantifying 
vegetation and nekton response to tidal restoration of a New England salt marsh. Submitted to 
Restoration Ecology. 

Royal BC Museum. 2001. http://rbcm 1.rbcm.gov.bc.calnh _paperslsticklebacklstickleback.html. 
Accessed December 2001. 

Rozas, L.P. 1992. Bottomless lift net for quantitatively sampling nekton on intertidal marshes. 
Marine Ecology Progress Series 89:287-292. 

Save The Bay. 20()1. http://www.savebay.org/. Accessed November 15,2001. 

R-11 
SCI0026 



Stratus Consulting (2/S/02) 

Scherer, M.D. 1972. The Biology of the Blueback Herring (Alosa aestivalis, Mitchill) in the 
Connecticut River Above the Holyoke Dam, Holyoke, Massachusetts. University of 
Massachusetts, Amherst. 

Scott, W.B. and E.J. Crossman. 1973. Carp Cyprinus carpio Linnaeus. In Freshwater Fishes of 
Canada (Bulletin of Fisheries Research Board of Canada), pp. 407-411. 

Scott, W.B. and M.G. Scott. 1988. Atlantic Fishes of Canada. Canadian Bulletin of Fisheries and 
Aquatic Sciences 219. Canada Department of Fisheries and Oceans. 

Setzler, E.M., W.R. Boynton, K.V. Wood, H.H. Zion, L. Lubbers, N.K. Mountford, P. Frere, 
L. Tucker, and J.A. Mihursky. 1980. Synopsis of Biological Data on Striped Bass, Morone 
saxatilis (Walbaum). FOA Synopsis No. 121. NOAA Technical Report NMFS Circular 433. 
National Marine Fisheries Service. 

Shepherd, G. 2000. Striped Bass. http://www.wh.whoi.edu/soslspsyn/af/sbass/. Accessed 
March 26, 2001. 

Short, R., R. Davis, and D. Burdick. 1997. Eelgrass (Zostera marina L.) habitat restoration in 
New Bedford Harbor, Massachusetts. Scope of work in proposal submitted to the New Bedford 
Harbor Trustee Council. Prepared by the Department of Natural Resources, University ofNew 
Hampshire. July 17. 

Smith-Root. 2001. Online Store. http://www.smith-root.com/store/. Accessed December 2001. 

Stanley, J.G. and D.S. Danie. 1983. Species Profiles: Life Histories and Environmental 
Requirements of Coastal Fishes and Invertebrates (North Atlantic) White Perch. FWS/OBS-
82/11. 7. Prepared for U. S. Fish and Wildlife Service. 

Steimle, F.W. and P.A. Shaheen. 1999. Tautog (Tautoga onitis) Life History and Habitat 
Requirements. NOAA Technical Memorandum NMFS-NE-118. 

Steimle, F.W., W.W. Morse, P.L. Berrien, and D.L. Johnson. 1999. Essential Fish Habitat Source 
Document: Red Hake, Urophycis chuss, Life History and Habitat Characteristics. NOAA 
Technical Memorandum NMFS-NE-133. September. 
http://www.nefsc.nmfs.gov/nefsc/publications/. Accessed August 28, 2001. 

Steimle, F. 1995. Hard bottom polyhaline community. In Living Resources of the Delaware 
Estuary. L.E. Dove and R.M. Nyman, (eds.) The Delaware Estuary Program. pp. 113-117. 

Stone & Webster Engineering Corporation. 1977. Supplemental Assessment in Support ofthe 
316 Demonstration, Pilgrim Nuclear Power Station Units 1 and 2, Boston Edison Company, 
Boston, MA. 

R-12 
SCI0026 



Stratus Consulting 

Strange, E.M., H. Galbraith, S. Bickel, D. Mills, D. Beltman, and J. Lipton. In press. 
Determining ecological equivalence in service-to-service scaling of salt marsh restoration. 
Environmental Management. 

Tetra Tech. 2001. Review of the Entergy Pilgrim Nuclear Power Station Section 316 
Demonstration Report (Redacted version). Draft. Prepared for U.S. EPA. January 31. 

(2/S/02) 

Thayer, G.W., M.S. Fonseca, and J.W. Kenworthy. 1997. Ecological value ofseagrasses: A brief 
summary for the ASMFC habitat committee's SA V subcommittee. In Atlantic Coastal 
Submerged Aquatic Vegetation: A Review of its Ecological Role, Anthropogenic Impacts, State 
Regulation, and Value to Atlantic Coastal Fish Stocks, C.D. Stephen and T.E. Bigford (eds.). 
ASMFC Habitat Management Series #1, Atlantic States Marine Fisheries Commission, pp. 7-12. 

Townsend, D.W. and P.F. Larsen (eds.). 1992. The Gulf of Maine: Proceedings of a Seminar 
Held May 22, 1989, Washington, D.C., NOAA Coastal Ocean Program Regional Synthesis 
Series Number 1. NOAA, Washington, DC. 

U.S. Bureau of Labor Statistics. 2001. Consumer Price Index All Urban Consumers 
(SeriesCUUROOOOSAM). http://stats.bls.gov. Accessed July 2001. 

U.S. Department of Housing and Urban Development. 2001. Treasury Bill Rates. 
http://www.hud.gov/offices/pihfdivisionslffmdlfrnltbill.cfm. Accessed December 12,2001. 

U.S. District Court. 1997. United States of America, Plaintiff, vs. Melvin A. Fisher, Kane Fisher, 
Salvors, Inc., a Florida Corporation, MN I Bookmaker, MN Dauntless, MN Tropical Magic, 
Their Engines, Apparel, Tackle, Appurtenances, Stores and Cargo, in Rem, Defendants; 
Motivation, Inc, Plaintiff vs. Unidentified, Wrecked and Abandoned Sailing Vessel, Etc., 
Defendant: Findings of Fact and Conclusions of Law. Case No. 92-10027-CIV-DAVIS; Case 
No. 95-10051-CIV-DAVIS. 7/1903. 

U.S. District Court. 1999. United States of America, Plaintiff, vs. Great Lakes Dredge & Dock 
Co., Defendant; Board of Trustees of the International Improvement Trust Fund of the State of 
Florida and Florida Department of Environmental Protection, Plaintiff, vs. Great Lakes Dredge & 
Dock Co., Defendant: Findings of Fact and Conclusions of Law. Case 
No. 97-2510-CIV-Davis/Brown; 97-10075-CIV-Davis/Brown. U.S. District Court, Southern 
District of Florida. September 27. 

U.S. EPA. 1977. Detennination Regarding Issuance of Proposed NPDES Permit 
No. MA0025135 (Pilgrim Power Plant Unit II). March 11. 

U.S. EPA. 1982. Determination Regarding Modification ofNPDES Permit No. MA0003654 for 
Brayton Point Station, Somerset, MA. October. 

R-13 
SCI0026 



Stratus Consulting (2/S/02) 

Victorian Recreational Fishing Guide 200 I. 
http://www .nre. vic.gov .au/web/root/domino/em_ dalnrecfaq .nsf/. Accessed December 2001. 

Vouglitois, J.J., K.W. Able, R.J. Kurtz, and K.A. Tighe. 1987. Life history and population 
dynamics of the bay anchovy in New Jersey. Transactions of the American Fisheries Society 
116(2):141-153. 

Wang, J.C.S. and R.J. Kernehan. 1979. Fishes of the Delaware Estuaries. EA Communications. 

Wang, J.C.S. 1986. Threespine stickleback- Gasterosteus aculeatus (Linnaeus). In Fishes of 
the Sacramento-San Joaquin Estuary and Adjacent Waters, California: A Guide to the Early Life 
Histories. Technical Report 9 (FS/B 1 0-4A TR 86-9). Prepared for the Interagency Ecological 
Study Program for the Sacramento-San Joaquin Estuary. 
http:/ /elib.cs.berkeley .edulkopec/tr9/htmllhome.html. Accessed June 21, 2001. 

Ware, D.M. and T.C. Lambert. 1985. Early life history of Atlantic mackerel (Scorner scombrus) 
in the southern Gulf of St. Lawrence. Canadian Journal of Fisheries and Aquatic Sciences 
42:577-592. 

Warren, R.S., P.E. Fell, R. Rozsa, A.H. Brawley, A.C. Orsted, E.T. Olson, V. Swamy, and 
W .A. Niering. Salt marsh restoration in Connecticut: 20 years of science and management. 
Submitted to Restoration Ecology. 

Waterfield, G.B. 1995. River herrings. In Living Resources of the Delaware Estuary, L.E. Dove 
and R.M. Nyman ( eds. ). Delaware Estuary Program, pp. 191-197. · 

Woods Hole Oceanographic Institution. 2001. Pilot Census of Marine Life in the Gulf of Maine. 
http://www. whoi.edulmarinecensus/doc/Reference/fishes 11_ 5 .htrn. Accessed December 2001. 

Wyda, J.C., L.A. Deegan, J.E. Hughes, and M.J. Weaver. In press. The response of fishes to 
submerged aquatic vegetation complexity in two ecoregions of the Mid-Atlantic Bight: Buzzards 
Bay and Chesapeake Bay. Estuaries. 

R-14 
SCI0026 




	423
	423a

